FINAL  SUBMITTAL 


VOLUME  III 


APPENDICES 


ENERGY  SURVEY  OF  ARMY 
BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 


Prepared  for 

TULSA  DISTRICT 
CORPS  OF  ENGINEERS 
TULSA,  OKLAHOMA 


Under 

CONTRACT  NO.  DACA  56-90-C-0087 


EMC  ENGINEERS,  INC. 

Denver,  Colorado 
Colorado  Springs,  Colorado 
Atlanta,  Georgia 


(Approved  fer  pubfe 


DEPARTMENT  OF  THE  ARMY 

CONSTRUCTION  ENGINEERING  RESEARCH  LABORATORIES,  CORPS  OF  ENGINEERS 

P.0  BOX  9005 

CHAMPAIGN,  ILLINOIS  61826-9005 


REPLY  TO 

attention  OF:  XR-I  Library 


17  Sep  1997 


Based  on  SOW,  these  Energy  Studies  are  unclassified/unlimited. 
Distribution  A.  Approved  for  public  release. 


FINAL  SUBMITTAL 


VOLUME  III 
APPENDICES 

ENERGY  SURVEY  OF  ARMY 
BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 


Prepared  for 

TULSA  DISTRICT 
CORPS  OF  ENGINEERS 
TULSA,  OKLAHOMA 


19971017  203 


Under 

CONTRACT  NO.  DACA  56-90-C-0087 

April  1992 

EMC  No.  3002.000 


EMC  ENGINEERS,  INC. 

1950  Spectrum  Circle 
Suite  B-312 

Marietta,  Georgia  30067 
Phone  (404)  952-3697 


This  submittal  has  been  prepared  at  the  request  of 
the  client,  and  the  observations,  conclusions,  and 
recommendations  contained  herein  constitute  the 
opinions  of  E  M  C  Engineers,  Inc.  In  preparing 
this  submittal,  EMC  has  relied  on  some  information 
supplied  by  the  client,  the  client' s  employees,  and 
others.  Because  no  warranties  were  given  with 
this  source  of  information,  EMC  Engineers,  Inc. 
makes  no  certification  and  gives  no  assurances 
except  as  explicitly  defined  in  this  report. 


11 


TABLE  OF  CONTENTS 


Section 


Page 


VOLUME  I 

List  of  Abbreviations  . 

1.0  INTRODUCTION 

1.1  Authority  for  Study  . . 

1.2  Purpose  of  Study 

1.3  Scope  of  Work 

1.4  Organization  of  Report 


FACILITY  INFORMATION 

0  1  P  onoral  . '  • . •  < 

. 2-1 

2.2  Central  Plant  Descriptions,  Operation,  and  Testing  . 

o  o  i  Pia«*  79n  . 

. 2-1 

. 2-6 

9  9  9 

v^^uuai  i  ituiv  /  t/w  . 

P PfltTfll  Plarit  914  ,,,,,,, . , 

. . . . 2-11 

991 

r pntral  Plant  9,81 9  , . 

. 2-15 

9  9  A 

VwCUllal  I  lallk  4j\jx4a  . ...*•••• . 

Ppntral  Plant  9449  ,  t  ,  t  t . 

. 2-19 

9  9  q 

P  pntral  Plant  4701  . . 

. 2-22 

9  9  £ 

. 2-26 

Zi.Zi.O 

2.2.7 

9  9  8 

P pntral  Plant  S678  .  .  ,  ,  , . 

. 2-30 

f™* pntral  Plant  5900  .  T  T . . 

. 2-34 

2.2.9 

genual  I  lalti  J/vv  . . . 

Central  Plant  6003  . 

. 2-38 

ANALYSIS  METHODOLOGY 

2  1  P  onoral  . . . 

. 3-1 

o».-L 

3.2 

'X  "X 

Plant  Efficiency  and  Consumption  Calculation  Methodology  . . . 

Fnorm;  Qniirrpft  . 

. 3-1 

. 3-3 

J.i) 

9  91  Flprtriritv  . . . 

. 3-3 

9  9  9  Natural  Oas  _  . . . . 

. 3-4 

a  a 

Fnprmi  P  rvnmimntinn  Analvsis  . . 

. 3-5 

j.*± 

14  1  Klprtnritv  . . . 

. 3-5 

9  4  9  Natural  Cras  . . . 

. 3-7 

Racic  for  Frnnnmif  Analvsis  . . . . 

. 3-9 

P.«9 

9  5  1  FPTp  fvmHance  . 

. 3-9 

3.5.2  Basis  for  Labor  and  Material  Costs  . • . 

3.5.3  Basis  for  Energy  Cost  Savings  Benefits  . 

. 3-9 

_ 3-10 

iii 


TABLE  OF  CONTENTS  (Continued) 

Section 


4.0  EVALUATION  OF  ENERGY  CONSERVATION  OPPORTUNITIES 

4.1  General  4-1 

4.2  Central  Plant  730  Evaluation . 4-6 

4.2.1  Baseline  Energy  Usage . 4-6 

4.2.2  ECO  Evaluation . 4-7 

4.3  Central  Plant  914  Evaluation . 4-21 

4.3.1  Baseline  Energy  Usage . 4-21 

4.3.2  ECO  Evaluation . 4-22 

4.4  Central  Plant  2812  Evaluation . 4-34 

4.4.1  Baseline  Energy  Usage . 4-34 

4.4.2  ECO  Evaluation . 4-35 

4.5  Central  Plant  3442  Evaluation . 4-49 

4.5.1  Baseline  Energy  Usage . 4-49 

4.5.2  ECO  Evaluation . 4-50 

4.6  Central  Plant  4701  Evaluation . 4-57 

4.6.1  Baseline  Energy  Usage . 4-57 

4.6.2  ECO  Evaluation . 4-58 

4.7  Central  Plant  5676  Evaluation . 4-72 

4.7.1  Baseline  Energy  Usage . 4-72 

4.7.2  ECO  Evaluation . 4-73 

4.8  Central  Plant  5678  Evaluation . 4-85 

4.8.1  Baseline  Energy  Usage . 4-85 

4.8.2  ECO  Evaluation . 4-86 

4.9  Central  Plant  5900  Evaluation . 4-99 

4.9.1  Baseline  Energy  Usage . 4-99 

4.9.2  ECO  Evaluation . 4-100 

4.10  Central  Plant  6003  Evaluation . 4-118 

4.10.1  Baseline  Energy  Usage . 4-118 

4.10.2  ECO  Evaluation . 4-119 


5.0  SPECIAL  CONSIDERATIONS  AND  PREVIOUS  STUDY  PLANT  EVALUATIONS 

5.1  General  . 5-1 

5.2  Central  Plant  730,  Capacity  to  Serve  Additional  Buildings . 5-1 

5.3  Central  Plants  5676  and  5678,  Feasibility  of  Connecting  Plants . 5-2 

5.4  Central  Plant  3442,  Opportunity  for  Central  Heating  Plant . 5-3 

5.5  Central  Plant  914,  Add  Central  Heating  Plant . 5-3 

5.6  Central  Plant  4701,  Change  Plant  Requirements  . 5-4 

5.7  Central  Plant  1653,  Capacity  to  Serve  Additional  Buildings . 5-5 

5.8  Central  Plant  3442,  Expand  Chiller  Plant  to  Serve  2470  and  2471  .  5-5 

5.9  Central  Plant  800  Area,  New  Central  Plant . 5-5 

5.10  Central  Plant  5900,  Refuse-Derived  Fuel  Boilers  . 5-7 

iv 


TABLE  OF  CONTENTS  (Continued) 


Section  E§g§ 


5.11  Central  Plant  6003,  Expansion  to  Serve  Additional  Facilities . 5-9 

5.12  Funding  of  Plant  Modernization  Projects  . . . 5-10 

5.13  Requirements  for  Changes  in  Chlorofluorocarbons . 5-11 


6.0  LOW  COST  OR  NO  COST  ECOs  AND  OPERATIONAL  ACTION  ITEMS 

6.1  General  . 6-1 

6.2  Low  Cost  or  No  Cost  ECOs  and  Operational  Action  Items . 6-1 

6.2.1  Central  Plant  730  .  6-2 

6.2.2  Central  Plant  914 . 6-5 

6.2.3  Central  Plant  2812 . 6-6 

6.2.4  Central  Plant  3442  .  6-7 

6.2.5  Central  Plant  4701  .  6-9 

6.2.6  Central  Plant  5676  .  6-10 

6.2.7  Central  Plant  5678  .  6-11 

6.2.8  Central  Plant  5900  .  6-11 

6.2.9  Central  Plant  6003  .  6-13 


7.0  INTERIM  SUBMITTAL  ENERGY  CONSERVATION  OPPORTUNITY  SUMMARY 

7.1  General  . 7-1 

7.2  ECO  Summary  . 7-1 


8.0  ENERGY  CONSERVATION  PROJECTS 

8.1  Projects  Developed  . 8-1 

8.1.1  Project  1  -  Control  Project  for 

Central  Plants  730,  5900,  and  6003  .  8-2 

8.1.2  Project  2  -  Central  Pleating  Plant  and  Control  Project 

for  Buildings  5676  and  5678  .  8-10 

8.1.3  Project  3  -  Replace  Boilers  1  and  2  in  Central 

Plants  2812  and  5900  .  8-14 

8.1.4  Project  4  -  Replace  Chiller  in  Central 

Plant  2812 . 8-17 

8.1.5  Project  5  -  Comparison  of  Local  HW  Boiler  in 

Area  3400  Barracks  Versus  Central  Heating 

Plant  in  Building  3442  .  .  . . . 8-19 

8.2  Summary  8-21 


v 


TABLE  OF  CONTENTS  (Continued) 

Section  Edge 


9.0  SUMMARY  OF  FINDINGS  AND  RECOMMENDATIONS 

9.1  Summary  of  Findings  . 9-1 

9.2  Chillers  and  Boilers  Data . 9-2 

9.3  Energy  Conservation  Opportunity  Analysis  . 9-5 

9.4  Projects  Developed  . 9-15 

9.5  Present  Energy  Consumption  . 9-17 

9.6  Central  Plant  Special  Considerations . 9-21 

9.7  Central  Plant  Operational  Recommendations  . 9-22 

9.8  Individual  Central  Plant  Descriptions 

and  Operational  Recommendations  . 9-23 

9.8.1  Central  Plant  730  .  9-23 

9.8.2  Central  Plant  914 . 9-23 

9.8.3  Central  Plant  2812 . 9-24 

9.8.4  Central  Plant  3442  .  9-24 

9.8.5  Central  Plant  4701  .  9-25 

9.8.6  Central  Plant  5676  .  9-25 

9.8.7  Central  Plant  5678  .  9-26 

9.8.8  Central  Plant  5900  .  9-26 

9.8.8  Central  Plant  6003  . 9-27 

9.9  Refrigerants  . 9-28 

9.10  Other  Recommendations . 9-28 


APPENDICES 

A  SCOPE  OF  WORK 


TABLE  OF  CONTENTS  (Continued) 


VOLUME  II 


APPENDICES 


A  SCOPE  OF  WORK 

B  BASE  LOAD  DATA  AND  MISCELLANEOUS  CALCULATIONS 

C  CENTRAL  PLANT  EFFICIENCY  CALCULATIONS 
C.l  CHILLERS  EFFICIENCY  CALCULATIONS 
C.2  BOILERS  EFFICIENCY  CALCULATIONS 
D  ECO  ANALYSIS 

E  FIELD  SURVEY  NOTES,  CHILLER-RELATED  EQUIPMENT 

F  FIELD  SURVEY  NOTES,  BOILER-RELATED  EQUIPMENT 
G  CENTRAL  HEATING  PLANT  3442,  DD1391 

H  RFD;  5900  CEP,  DD1391 


VOLUME  III 


APPENDICES 

I.  PROJECT  1  -  CONTROL  PROJECT  FOR  CENTRAL  PLANTS  730,  5900,  AND  6003 

1.1  PROJECT  ANALYSIS 

1.2  PC-CUBE  BASERUN 

1.3  PC-CUBE  ECO  RUN 

J.  PROJECT  2  -  CENTRAL  PLANT  PROJECT  FOR  BUILDINGS  5676  AND  5678 

J.l  PROJECT  ANALYSIS 

J.2  PC-CUBE  BASERUN 

J. 3  PC-CUBE  ECO  RUN 

K  PROJECT  3  -  REPLACE  BOILERS  1  AND  2  IN  CENTRAL  PLANTS  2812  AND  5900 

K. 1  PROJECT  ANALYSIS 

K.2  PC-CUBE  BASERUN 

K. 3  PC-CUBE  ECO  RUN 

L.  PROJECT  4  -  REPLACE  A  CHILLER  IN  CENTRAL  PLANT  2812 

L. l  PROJECT  ANALYSIS 

L.2  PC-CUBE  BASERUN 

L. 3  PC-CUBE  ECO  RUN 

M.  PROJECT  5A  -  LOCAL  HOT  WATER  IN  BARRACKS 

M. l  PROJECT  ANALYSIS  FOR  LOCAL  BOILERS 

M.2  PROJECT  ANALYSIS  FOR  CENTRAL  HEATING  PLANT 
M.3  PC-CUBE  BASERUN  FOR  BARRACKS  WITH  MESS  HALL 
M.4  PC-CUBE  BASERUN  FOR  BARRACKS  WITHOUT  MESS  HALL 
M.5  PC-CUBE  CENTRAL  HEATING  PLANT  ECO  RUN 

N.  DISTRIBUTION  LOSS  CALCULATIONS  FOR  CENTRAL  PLANT  5900  AND  6003 


vii 


TABLE  OF  CONTENTS  (Continued) 

LIST  OF  TABLES 

Table  E§ge 


1-1  Scope  of  Work  Summary . 1-3 

1-2  Scope  of  Work  Summary,  ECOs  Evaluated . 1-6 

1- 3  Projects  Evaluated  -  Prefinal  Submittal . 1-7 

2- 1  Connected  Buildings  and  Connected  Loads  . 2-42 

2- 2  Major  Central  Plant  Equipment . 2-45 

3- 1  Electrical  Usage  and  Billing . 3-6 

3-2  Natural  Gas  Consumption  -  FY89 . 3-8 

3-3  Labor  Rates  3-10 

3- 4  Uniform  Present  Worth  Factors . 3-11 

4- 1  ECO  List  4-2 

4-2  ECOs  Evaluated  Listed  by  Central  Plant . 4-3 

4- 3  ECOs  Not  Considered  Feasible  . .  •  •  . 4-4 

5- 1  Central  Plant  730  -  Load  Schedule  . 5-2 

5-2  Central  Plant  1653  -  Load  Schedule . 5-5 

5-3  Central  Energy  Plant  -  800  Area  . 5-7 

5-4  Central  Plant  6003  -  Load  Schedule . 5-10 

5- 5  Refrigerant  Property  Comparisons  . 5-12 

6- 1  Central  Plant  730  Operational  Matrix  . 6-4 

7- 1  ECO  List  7-2 

7-2  Economic  Summary  of  ECOs  Listed  by  Central  Plant . 7-3 

7- 3  Economic  Summary  of  ECOs  Listed  by  SIR . 7-8 

8- 1  Building  List  8-19 

9- 1  Major  Central  Plant  Equipment . 9-3 

9-2  ECO  List  9-6 

9-3  Economic  Summary  of  ECOs  Listed  by  Central  Plant . 9-7 

9-4  ECOs  Evaluated  Listed  by  Central  Plant . 9-12 

9-5  ECOs  Considered  Not  Feasible . 9-13 

9-6  Economic  Summary  of  Projects  Developed  . 9-16 

9-7  Annual  Potential  Energy  Conserved  and  Cost  Savings . 9-16 

9-8  Electrical  Usage  and  Billing . 9-18 

9-9  Natural  Gas  Consumption . 9-19 

9-10  Annual  Energy  Consumption  of  Central  Plants . 9-20 


viii 


TABLE  OF  CONTENTS  (Concluded) 

LIST  OF  FIGURES 

Figure  Page 


2-1  Chiller  Testing  . 2-4 

2-2  Boiler  Testing  . 2-5 

2-3  Schematic  of  Chillers,  Central  Plant  730  .  2-9 

2-4  Schematic  of  Boilers,  Central  Plant  730  2-10 

2-5  Schematic  of  Chillers,  Central  Plant  914  . 2-13 

2-6  Schematic  of  Boilers,  Central  Plant  914  2-14 

2-7  Schematic  of  Chillers,  Central  Plant  2812  . 2-17 

2-8  Schematic  of  Boilers,  Central  Plant  2812 . 2-18 

2-9  Schematic  of  Chillers,  Central  Plant  3442  .  2-21 

2-10  Schematic  of  Chillers,  Central  Plant  4701  .  2-24 

2-11  Schematic  of  Boilers,  Central  Plant  4701  .  2-25 

2-12  Schematic  of  Chillers,  Central  Plant  5676  .  2-28 

2-13  Schematic  of  Boilers,  Central  Plant  5676  .  2-29 

2-14  Schematic  of  Chillers,  Central  Plant  5678  .  2-32 

2-15  Schematic  of  Boilers,  Central  Plant  5678  .  2-33 

2-16  Schematic  of  Chillers,  Central  Plant  5900  .  2-36 

2-17  Schematic  of  Boilers,  Central  Plant  5900  .  2-37 

2-18  Schematic  of  Chillers,  Central  Plant  6003  .  2-40 

2- 19  Schematic  of  Boilers,  Central  Plant  6003  .  2-41 

3- 1  Monthly  Electrical  Consumption  . .  . . . 3-7 

3- 2  Monthly  Natural  Gas  Consumption  . 3-9 

4- 1  Existing  Chilled  Water  Piping . 4-116 

4-2  ECO  Modifications  . 4-117 

8-1  Control  Schematic  of  Boilers,  Central  Plant  730 . 8-4 

8-2  Control  Schematic  of  Chillers,  Central  Plant  730  .  8-5 

8-3  Control  Schematic  of  Boilers,  Central  Plant  5900  .  8-6 

8-4  Control  Schematic  of  Chillers,  Central  Plant  5900  .  8-7 

8-5  Control  Schematic  of  Boilers,  Central  Plant  6003  . -8-8 

8-6  Control  Schematic  of  Chillers,  Central  Plant  6003  .  8-9 

8-7  Legend  . 

8-8  Distribution  Plan,  Central  Plant  5678  .  8-12 

8-9  Mechanical  Room  Layout,  Central  Plant  5678  .  8-13 

8-10  Mechanical  Room  Layout,  Central  Plant  2812 . 8-15 

8-11  Mechanical  Room  Layout,  Central  Plant  5900  .  8-16 

8- 12  Mechanical  Room  Layout,  Central  Plant  2812 . 8-18 

9- 1  Monthly  Electrical  Consumption . 9_17 

9-2  Monthly  Natural  Gas  Consumption  . 9-21 


ix 


LIST  OF  ABBREVIATIONS 


ac 

- 

alternating  current 

ACCU 

- 

air  cooled  condensing  unit 

AEL 

- 

acceptable  exposure  limit 

AHU 

- 

air  handling  unit(s) 

amp 

- 

ampere  (amp,  amps) 

ANSI 

- 

American  National  Standards  Institute 

ASCII 

- 

American  Standard  Code  for  Information  Interchange 

ASHRAE 

- 

American  Society  of  Heating,  Refrigeration,  and  Air  Conditioning 
Engineers 

AWG 

- 

American  wire  gauge 

bar 

- 

bar:  14.5  psi 

BAU 

- 

business  as  usual 

B/C 

benefit-to-cost  ratio 

Bhp 

- 

brake  horsepower 

Bks 

- 

barracks 

BLAST 

- 

Building  Loads  Analysis  and  System  Thermodynamics  Program,  CERL 

Bldg 

- 

building 

BOQ 

- 

Bachelor  Officer's  Quarters 

Btu 

- 

British  thermal  units 

Btuh 

- 

British  thermal  units  per  hour 

B/W 

- 

black  and  white 

°C 

- 

Celsius  (Centigrade)  (degrees) 

cc 

_ 

cubic  centimeter 

x 


LIST  OF  ABBREVIATIONS  (Continued) 


ccf 

- 

one  hundred  (100)  cubic  feet 

CEP 

- 

central  energy  plant 

CFC 

- 

chlorofluorocarbons 

cfh 

- 

cubic  feet  per  hour 

cfm 

- 

cubic  feet  per  minute 

ckVAR 

- 

capacitive  kilovolt-ampere  reactive 

CNW 

- 

condensed  water 

CNWP 

- 

condensed  water  pump 

CNWR 

- 

condensed  water  return 

CNWS 

- 

condensed  water  supply 

CO 

- 

carbon  monoxide 

COND. 

- 

condenser 

const 

- 

construction 

COP 

- 

coefficient  of  performance:  ratio  of  the  tons  of  refrigeration  produced 
to  the  energy  required  to  operate  the  equipment 

co2 

- 

carbon  dioxide 

CPU 

- 

central  processing  unit 

CY 

- 

current  transducer 

CTD 

- 

Camahan-Thompson-Delano 

CTM 

- 

cooling  tower  motor 

cu  ft 

- 

cubic  foot,  cubic  feet 

CW 

_ 

chilled  water 

xi 


LIST  OF  ABBREVIATIONS  (Continued) 


CWE 

- 

current  working  estimate 

CWP 

- 

chilled  water  pump 

CWR 

- 

chilled  water  return 

CWS 

- 

chilled  water  supply 

CV 

- 

converter 

d 

- 

day(s) 

DB 

- 

dry  bulb 

DD 

- 

Degree  Day:  the  difference  between  the  median  temperature  for  any 
hour  and  a  selected  base  temperature  (generally  65°F) 

deg 

- 

degrees 

DEH 

- 

Director  of  Engineering  and  Housing 

DHW 

- 

domestic  hot  water 

Di 

- 

inside  diameter 

DOM. 

- 

domestic 

DP 

- 

differential  pressure  transducer 

DX 

- 

direct  expansion 

E, 

- 

boiler  efficiency 

E/C 

- 

energy-to-cost  ratio 

ECIP 

- 

Energy  Conservation  Investment  Program 

ECO 

- 

energy  conservation  opportunity(s) 

EEAP 

- 

Energy  Engineering  Analysis  Program 

eff 

- 

efficiency 

xn 


LIST  OF  ABBREVIATIONS  (Continued) 


EIC 

elec 

Em 

EMC 

EMCS 

EPA 

eqpt 

F 

°F 

FLA 

ft 

ft2 

ft3 

FO 

gal 

g/dscm 

gpm 

HCFC 

HCP 

HCR 

HCS 

HCW 


Engineer  In  Charge 
electrical 
motor  efficiency 
EMC  Engineers,  Inc. 

Energy  Monitoring  and  Control  System 

Environmental  Protection  Agency 

equipment 

flow  meter 

Fahrenheit  (degrees) 

full  load  amps 

foot,  feet 

square  feet 

cubic  feet 

fuel  oil 

gallon(s) 

grams  per  dry  standard  cubic  meter 
gallons  per  minute 
hydrochlorofluorocarbon 
hot/chilled  water  pump 
hot/chilled  water  return 
hot/chilled  water  supply 
hot/chilled  water 


xm 


LIST  OF  ABBREVIATIONS  (Continued) 


HG 

- 

mercury 

hp 

- 

horsepower 

hr 

- 

hour(s) 

HTHW 

- 

high  temperature  hot  water 

H&V 

- 

heating  and  ventilating 

HVAC 

- 

heating,  ventilating,  and  air  conditioning 

HW 

- 

hot  water 

HWR 

- 

hot  water  return 

HWS 

- 

hot  water  supply 

Hz 

- 

hertz,  frequency 

in 

- 

inch(es) 

VO 

- 

input/output 

°K 

- 

kelvin  (degrees) 

kip 

- 

one  thousand  pounds 

kW 

- 

kilowatt,  one  thousand  watts 

kWh 

- 

kilowatt-hour,  one  thousand  watthours 

kV 

- 

kilovolt,  one  thousand  volts 

kVAh 

- 

kilovolt-ampere  hour,  one  thousand  volt-ampere  hour(s) 

kVAR 

- 

kilovolt-ampere  reactive 

kVARh 

- 

kilovolt-ampere  reactive  hour,  one  thousand  volt-ampere  reactive 
hour(s) 

L 

- 

length 

xiv 


LIST  OF  ABBREVIATIONS  (Continued) 


lb 

- 

pound(s) 

LCC 

- 

life  cycle  cost 

LCCID 

- 

life  cycle  cost  in  design 

LTHW 

- 

low  temperature  hot  water 

m 

- 

meter 

„3 

m 

- 

cubic  meters 

maint 

- 

maintenance 

Mbh 

- 

Btu  per  hour  (thousand) 

mcf 

- 

one  thousand  cubic  feet 

MCP 

- 

Military  Construction  Program 

Mh 

man-hour(s) 

mm 

- 

millimeter 

MMBtu 

- 

British  thermal  units  (million) 

MMBtuh 

- 

Btus  per  hour  (million) 

mo. 

- 

month(s) 

MUX 

- 

multiplexer 

mW 

- 

megawatt,  one  million  watts 

mWh 

- 

megawatt-hour,  one  million  watt-hours 

MZU 

- 

multizone  unit 

N/A 

- 

not  available  or  not  applicable 

nat 

- 

natural  (gas) 

NBS 

_ 

National  Bureau  of  Standards 
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LIST  OF  ABBREVIATIONS  (Continued) 


NOAA 

no. 

o2 

OA 

O  &  M 
PD 
PLT 
PF 

PM 

ppm 

psi(a)(g) 

Q 

R 

RDF 

RET. 

RVAC 

R-value 

S 

scf 

scfm 


National  Oceanic  and  Atmospheric  Administration 

number 

oxygen 

outside  air 

operation  and  maintenance 
pressure  drop  or  difference 
plant 

power  factor:  relationship  between  kW  and  kVA.  When  the  power 
factor  is  unity,  kVA  equals  kW. 

Project  Manager 

parts  per  million 

pounds  per  square  inch  (absolute)  (gauge) 

flow  rate 

return 

refuse  derived  fuel 
return 

refrigeration,  ventilation,  air  conditioning 

the  resistance  to  heat  flow  expressed  in  units  of  (ft2)  x  (hours)  x  (°F)/Btu; 
R-value  =  1/U-value 

supply 

standard  cubic  feet 
standard  cubit  feet  per  minute 
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LIST  OF  ABBREVIATIONS  (Continued) 


SIR 

SIOH  or  SIA  - 

SOW 

sq  ft 

st/sp 

SWPA 

SZU 

stby 

t 

T 

temp 

TD 

Tf 

Tg 

TPF 

TRY 

UA 

UPW 

U.S. 


Savings-to-Investment  Ratio:  total  life  cycle  benefits  divided  by  90%  of 
the  differential  investment  cost 

supervision,  inspection,  and  overhead 

scope  of  work 

square  foot  (feet) 

start/stop 

Southwestern  Power  Administration 

single  zone  unit 

standby 

ton,  a  means  of  expressing  cooling  capacity:  1  ton  -  12,000  Btu/hr 
cooling 

temperature 

temperature 

temperature  difference 

fluid  temperature  (°C) 

ground  temperature  (°C) 

third  party  financing 

Test  Reference  Year 

overall  heat  transfer  coefficient  (Btu/hr-°F) 

uniform  present  worth  factor:  a  factor  which,  when  applied  to  annual 
savings,  will  account  for  the  time  value  of  money  and  inflation  over  the 
life  of  the  project 

United  States 
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LIST  OF  ABBREVIATIONS  (Continued) 


U-value 


V 

VAT 

VAV 

VSD 

W 

WB 

wk 

yr 


a  coefficient  expressing  the  thermal  conductance  of  a  composite 
structure  in  Btu  per  (sq  ft)(hour)(°F  temperature  difference);  Btu/ft2  x  hr 
x  °F);  U-value  =  1/R-value 

volt(s) 

value  added  tax 

variable  air  volume 

variable  speed  drive 

watt(s) 

wet-bulb 

week(s) 

year(s) 
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APPENDIX  A 

SCOPE  OF  WORK 


SCOPE  OF  WORK  SUMMARY 

ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS,  Fort  SILL,  OKLAHOMA 


ITEM 

NO. 

SOW 

PAGE 

SOW 

SECTION 

DESCRIPTION 

REPORT 

SECTION 

1 

1 

1.1 

Survey  the  boilers  to  determine  their 
efficiency. 

2.0 

2 

1 

1.3 

Identify  and  list  all  ECOs  considered. 

4.0 

3 

1 

1.3 

Identify  low  cost  or  no  cost  ECOs. 

6.0 

4 

1 

1.6 

Prepare  report. 

- 

5 

1 

2.1 

Include  in  the  study  the  results  of  previous 
studies  concerning  boiler  and  chiller  plants. 

5.0 

6 

2 

2.5 

Determine  if  ECOs  are  technically  and 
economically  feasible. 

4.0 

7 

2 

2.5 

Combine  ECOs  into  larger  packages  for 

ECIP  or  MCP  funding. 

8.0 

8 

2 

2.6 

List  and  prioritize,  by  SIR,  projects  which 
qualify  for  ECIP  funding. 

Table  7-2 

j  9 

2 

■1 

Prioritize,  by  SIR,  feasible  non-ECIP 
projects. 

8.0 

10 

4 

5.1 

Develop  life  cycle  cost  analysis  summary 
sheets  for  ECIP  projects. 

Appendix  D 

11 

4 

5.1 

Provide  original  backup  calculations  from 
previous  studies. 

Appendix  G 
and  H 

12 

5 

5.2 

Develop  life  cycle  cost  analysis  summary 
sheets  for  non-ECIP  projects. 

Appendix  D 

13 

6 

5.3 

Document  nonfeasible  ECOs  in  the  report. 

4.0 

14 

6 

7.1.1 

Conduct  boiler  efficiency  tests. 

Appendix  F, 
Survey  Notes 

15 

6 

7.1.2 

Conduct  chiller  efficiency  tests. 

Appendix  E, 
Survey  Notes 

16 

7 

7.2.2 

Investigate  existing  local  controls  and 
incorporate  into  EMCS. 

4.0 

17 

7 

7.2.3 

Review,  document,  and  evaluate  operation 
and  maintenance  practices. 

2.0  and  6.0 
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SCOPE  OF  WORK  SUMMARY,  ECOs  EVALUATED 
ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS,  Fort  SILL,  OKLAHOMA 


ECO  DESCRIPTION  IN  SOW 

SOW 

LOCATION 

ECO 

NO. 

ECO  DESCRIPTION 

IN  REPORT 

Controls  to  assure  proper 
combustion  air-fuel  ratio. 

Annex  A 

10 

Installation  of  combustion 
controls. 

Installation  of  new  burner 
equipment. 

Annex  A 

11 

Installation  of  new  high 
efficiency  burner. 

Economizer  or  air  preheater. 

Annex  A 

12 

Installation  of  stack  economizer 
or  air  preheater. 

Loading  characteristics  and 
scheduling  versus  equipment 
capacity  (equipment 
optimization). 

Annex  A 

2  &  8 

2  -  Chiller  optimization. 

8  -  Boiler  optimization. 

Control  systems  to  operate 
chillers  at  the  most  energy 
efficient  operating  condition. 

Annex  A 

2 

Chiller  optimization. 

Variable  or  two-speed  cooling 
tower  fan. 

Annex  A 

5(A)  & 
5(B) 

5(A)  Two-speed  motors. 

5(B)  Variable  speed  control. 

Storage  of  chilled  water  or 
other  thermal  storage  systems. 

Annex  A  & 
Conf.  Notice  1 

4 

Ice  storage  cooling  system. 

High  efficiency  motors. 

Annex  A 

6 

High  efficiency  motors. 

Instruments  and  controls  to 
facilitate  efficient  operations. 

Annex  A 

1  &7 

1  -  Chiller  instruments. 

7  -  Boiler  instruments. 

Use  smaller  boilers  where  load 
has  been  reduced. 

Annex  A 

8 

Boiler  optimization. 

Replace  inefficient  boilers  with 
more  efficient  boilers  (or  repair). 

Annex  A  (para 
7.2.1) 

9 

Renovate  or  replace  boilers. 

Replace  inefficient  chillers  with 
more  efficient  chillers  (or 
repair). 

Annex  A  (para 
7.2.1) 

3 

Renovate  or  replace  chillers. 
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Appendix  A 

GENERAL  SCOPE  OF  WORK 
FOR  AN 

ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 

FOR 

FORT  SILL.  OKLAHOMA 


Performed  as  part  of  the 
ENERGY  ENGINEERING  ANALYSIS  PROGRAM 


Exhibit  1 


A-4 


1-  BRIEF  DESCRIPTION  OF  WORK:  The  Architect-Engineer  (AE) 
shall: 


1.1  Determine  the  efficiency  of  the  boiler/chiller  plants 
by  appropriate  tests. 

1.2  Survey  the  bo i 1 er / ch i 1 1 er  plants  to  determine  if 
efficiency  can  be  improved  by  the  repair,  addition,  or 
modification  of  equipment,  control  systems  and  operation  and 
maintenance  practices  and  recommend  improvements. 

1.3  Identify  all  energy  conservation  opportunities  (ECOs) 
including  low  cost/no  cost  items  and  perform  complete  evaluations 
of  each. 

1 . 4  (Deleted) 

1 . 5  (Deleted) 

1.6  Prepare  a  comprehensive  report  to  document  the  work 
performed,  the  results  and  recommendations. 

2 .  GENERAL 

2.1  Other  studies  performed  under  the  Energy  Engineering 
Analysis  Program  (EEAP)  have  been  performed  at  the  installation 
and  may  have  included  the  bo i 1 er / ch i 1 1 er  plants.  Results  of  the 
previous  studies  concerning  the  boi 1 er /ch i 1 1 er  plants  shall  be 
included  in  this  study.  Boi 1 er /chi 1 ler  plant  projects 
recommended  in  the  previous  studies  shall  be  updated  and  included 
in  this  report  if  they  have  not  been  implemented  or  programmed. 
Any  reports  or  studies  that  may  have  been  accomplished  on  the 

boi ler /chi  1 ler  plants  shall  be  reviewed  by  the  AE  and  information 
included  in  this  report  as  applicable. 

2.2  The  information  and  analysis  outlined  herein  are 
considered  to  be  minimum  essentials  for  adequate  performance  of 
this  s  tudy . 

2.3  This  study  shall  include  the  boiler  plant,  chiller 
plant,  all  appurtenances,  and  supporting  systems  (e.g.f  fuel 
storage  facilities,  pollution  abatement,  water  treatment,  etc,). 
It  does  not  include  steam  or  chilled  water  distribution  systems. 
However,  if  during  the  survey  readily  identifiable  energy 
conservation  opportunities  pertaining  to  the  distribution  systems 
are  noted,  they  shall  be  listed  in  the  report. 
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2.4  The  "Energy  Conservation  Investment  Program  (ECIP) 
Guidance,"  described  in  letter  from  CEHSC-FU,  dated  25  April 

»?88,  and  revised  in  letter  from  CEHSC-FU-P,  dated  15  June  1989, 
stablishes  criteria  for  ECIP  projects  and  shall  be  used  for  per¬ 
forming  the  economic  analysis  of  all  projects  or  Improvements 
considered. 


2.5  Energy  conservation  opportunities  determined  to  be  tech¬ 
nically  and  economically  feasible  shall  be  developed  into 
projects  acceptable  to  Installation  personnel.  This  may  involve 
combining  similar  ECOs  into  larger  packages  which  will  qualify 
for  ECIP  or  MCA  funding,  and  determining,  in  coordination  with 
installation  personnel,  the  appropriate  packaging  and  implementa¬ 
tion  approach  for  all  feasible  ECOs.  Energy  conservation  oppor¬ 
tunities  which  do  not  fit  into  projects,  such  as  operation  proce¬ 
dure  changes,  shall  be  developed  into  detailed  and  specific  in¬ 
structions  and  procedures  for  operating  personnel. 

2.6  Projects  which  qualify  for  ECIP  funding  shall  be  iden¬ 
tified,  separately  listed,  and  prioritized  by  the  Savings  to  In¬ 
vestment  Ratio  (SIR) . 


2.7  All  feasible  non-ECIP 
f  highest  to  lowest  SIR. 


projects  shall  be  ranked  in  order 


2.8  Energy  Conservation  and  Management  (ECAM)  projects  for 
procurement-funded  installations  will  be  identified  and  analyzed 
using  the  same  criteria  as  for  ECIP.  ECAM  and  ECIP  will  be  con¬ 
sidered  synonymous  in  this  Scope  of  Work. 


3.  PROJECT  manag: 


3.1  Project  Managers.  The  AE  shall  designate  a  project 
manager  to  serve  as  a  point  of  contact  and  liaison  for  all  work 
required  under  this  contract.  Upon  the  award  of  the  contract, 
this  individual  shall  be  immediately  designated  in  writing.  The 
AE's  designated  project  manager  must  be  approved  by  the  Contract¬ 
ing  Officer  prior  to  commencement  of  work.  This  designated  in¬ 
dividual  shall  be  responsible  for  complete  coordination  of  work 
required  under  this  contract.  The  Contracting  Officer  will 
designate  a  project  manager  to  serve  as  the  Government's  point  of 
contact  and  liaison  for  all  work  required  under  this  contract. 
This  individual  will  be  the  Government's  representative. 

3.2  Installation  Assistance.  A  coordinator  designated  by 
the  Commanding  Officer  at  each  installation  will  serve  as  the 
point  of  contact  for  obtaining  available  information  and  assist- 


Ang  ir  ^siab.V  ^hin^  'contacts  wi^h  the  pr  :>er  individuals  and  or¬ 
ganizations  necessary  to  accomplish  che  work  required  under 
this  contract. 


3.3  gyfrllc  Cifclpgurgg.  The  AE  shall  make  no  public  an¬ 
nouncements  or  disclosures  relative  to  information  contained  or 
developed  under  this  contract,  except  as  authorized  by  the  Con¬ 
tracting  Officer. 


3*^  ftlngg*  Meetings  will  be  scheduled  whenever  requested 
by  the  AE  or  the  Contracting  Officer  for  the  resolution  of  ques¬ 
tions  or  problems  encountered  in  the  performance  of  the  work. 
The  AE  and/or  the  designated  representative (s)  shall  be  required 
to  attend  and  participate  in  all  meetings  pertinent  to  the  work 
required  under  this  contract  as  directed  by  the  Contracting  Of¬ 
ficer.  These  meetings,  if  necessary,  are  in  addition  to  the 
presentation  and  review  conferences * 


3.5  fills  yjplts,  Inspections,  Investigations.  The  AE, 
consultants ,  if  applicable ,  and/or  designated  representative (s) 
thereof  shall  visit  and  inspect/investigate  the  site  of  the 
project  as  necessary  and  required  during  the  preparation  and  ac¬ 
complishment  of  the  work. 


3.6.1  The  AE  shall  provide  a  record  of  all  significant  con¬ 
ferences,  meetings,  discussions,  verbal  directions,  telephone 
conversations,  etc.,  with  Government  representative (s)  relative 
to  this  contract  in  which  the  AE  and/or  designated 
representative (s)  thereof  participated.  These  records  shall  be 
dated  and  shall  identify  the  contract  number,  and  modification 
number,  if  applicable,  participating  personnel,  subject  discussed 
and  conclusions  reached.  The  AE  shall  forward  to  the  Contracting 
Officer  within  ten  calendar  days,  a  reproducible  copy  of  the 
records. 


3.6.2  The  AE  shall  provide  a  record  of  requests  for  and/or 
receipt  of  Government-furnished  material,  supplies,  data,  docu¬ 
ments,  information,  etc.,  which  if  not  furnished  in  a  timely  man¬ 
ner,  would  significantly  impair  the  normal  progression  of  work 
under  this  contract.  The  record  shall  be  dated  and  shall  iden¬ 
tify  the  contract  number  and  modification  number,  if  applicable. 
The  AE  shall  forward  to  the  Contracting  Officer  within  ten  calen¬ 
dar  days,  a  reproducible  copy  of  the  record  of  request  or  receipt 
of  material. 

3.7  Interviews.  The  AE  and  the  Government's  representative 
shall  conduct  entry  an  exit  interviews  with  the  Director  of  En¬ 
gineering  and  Housing  before  starting  work  at  the  facility  and 
after  completion  of  the  field  work.  The  Government's  representa¬ 
tive  shall  schedule  the  interviews  at  least  one  week  in  advance. 
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3.7.1  Entry.  The  entry  interview  shall  thoroughly  brief  and 
scribe  the  intended  procedures  for  the  survey  and  shall  be  con- 
_  cted  prior  to  commencing  work  at  the  facility.  As  a  minimum, 
the  interview  shall  cover  the  following  points: 


a.  Schedules. 

b.  Karnes  of  energy  analysts  who  will  be  conducting  the 
survey. 

c.  Proposed  working  hours. 

d.  Support  requirements  from  the  Director  of  Engineering  and 
Housing. 

3.7.2  Exit.  The  exit  interview  shall  include  a  thorough 
briefing  describing  the  items  surveyed  and  probable  areas  of 
energy  conservation.  The  interview  shall  also  solicit  input  and 
advice  from  the  Director  of  Engineering  and  Housing. 


4..  SERVICES  mb  MATERIALS.  All  services,  supplies,  materials 
(except  those  specifically  enumerated  to  be  furnished  by  the 
Government),  plant,  labor,  testing  equipment,  superintendence  and 
travel  necessary  to  perform  the  work  and  render  the  data  required 
under  this  contract  shall  be  included  in  the  lump  sum  price  of 
the  contract. 


PROJECT  DOCUMENTATION.  All  energy  conservation  opportunities 
"which  the  AE  has  considered  shall  be  included  in  one  of  the  fol¬ 
lowing  categories  and  presented  as  such  in  the  report: 


5.1  ECIP  Projects.  To  qualify  as  an  ECIP  project,  an  ECO, 
or  several  ECOs  which  have  been  combined,  must  have  a  construc¬ 
tion  cost  estimate  greater  than  $200,000,  a  Savings  to  Investment 
Ratio  greater  than  one  and  a  simple  payback  period  of  less  than 
eight  years.  For  ECAM  projects  the  .$200,000  limitation  may  not 
apply.  The  AE  shall  check  with  the  installation  for  guidance. 
The  overall  project  and  each  discrete  part  of  the  project  shall 
have  a  SIR. greater  than  one.  . 


A  Life  Cycle  Cost  Analysis  Summary  Sheet  shall  be 
developed  for  each  ECO  and  for  the  overall  project  when  more  than 
one  ECO  is  combined.  For  projects  and  ECOs  updated  or  developed 
from  the  previous  studies,  the  backup  data  shall  consist  of 
copies  of  the  original  calculations  and  analysis,  with  new  pages 
revising  the  original  calculations  and  analysis.  In  addition, 
the  backup  data  shall  include  as  much  of  the  following  as  is 
available:  the  increment  of  work  the  project  or  ECO  was 


t  \ 

developed  unuir  in  the  previous  study,  title (s)  of  the 

energy  to  cost  (E/C)  ratio,  the  benefit  to  cost 
(®/C)  ratio,  the  current  working  estimate  (CWE) ,  and  the  payback 
period.  This  information  shall  be  included  as  part  of  the  backup 
data.  The  purpos^e  of  this  information  is  to  provide  a  means  to 
prevent  duplication  of  projects  in  any  future  reports. 


Kpn-ECIF  Erolectg.  Projects  which  normally  do  not  meet 
,Jut.  ,which  hav®  an  overall  SIR  greater  than  one 
shall  be  individually  packaged  and  fully  documented.  The  Life 
^nftlysis  Summary  Sheet  shall  be  completed  through  and 
including  line  6  for  all  projects  or  ECOs.  Each  shall  be  analyzed 
to  determine  if  they  are  feasible  even  if  they  do  not  meet  ECIP 
cr  * j.j  ^kese  ®COs  or  projects  may  not  meet  the  nonenergy 

qualification  test.  For  projects  or  ECOs  which  meet  this 
a#  the,  Life  Cycle  Cost  Analysis  Summary  Sheet,  completely 
filled  out,  with  all  the  necessary  backup  data  to  verify  the  num¬ 
bers  presented,  a  complete  description  of  the  project  and  the 
simple  payback  period  shall  be  included  in  the  report,  j 
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k5.3  ,  Nonfeasible  ££9g.  All  ECOs  which  the  AE  has  considered 
ut  which  are  not  feasible,  shall  be  documented  in  the  report 
ith  the  reasons  and  justifications  showing  why  they  were 
rejected. 

€.  DETAILED  SffffPE  GE  WORK;  The  general  Scope  of  Work  is  in¬ 
tended  to  apply  to  contract  efforts  for  all  Army  boiler  and 
chiller  plants  except  as  modified  by  the  detailed  Scope  of  Work 
for  each  specific  installation.  The  detailed  Scope  of  Work  is 
contained  in  Annex  B. 


7.  KSBK  IQ  EE  accomplished 
7.1  Determine  Efficiency 

.  7.1.1  Boilers.  The  efficiency  of  the  existing  boiler  in¬ 
stallation  shall  be  determined  by  field  testing.  The  AE  shall 
provide  equipment  and  perform  tests  in  the  field  to  establish  the 
efficiency  of  the  boilers.  The  tests  are  intended  to  determine 
the  efficiency  of  the  boilers  as  they  are  actually  being 
|  operated.  The  AE  shall  document  any  changes  made  to  controls  or 
|  equipment  during  boiler  efficiency  tests.  _ 

g  The  AE  shall  submit  the 

*  proposed  test  procedure  and  testing  laboratory  to  the  Contracting 

[Officer  for  approval.  Based  upon  the  results  of  the  tests,  any 
^indicated  areas  of  improvement  or  equipment  modification  shall  be 
^F^lly  analyzed.  The  study  shall  establish  equipment  operating 
data  baselines,  system  efficiency  modeling,  and  evaluate  plant 
|  and  unit  loading  profiles  versus  equipment  capacities.  The 
I  Government  will  furnish  fuel,  utilities,  other  consumables,  and 
provide  personnel  to  operate  the  plant  during  testing.  All  test 
and/or  measurement  equipment  shall  be  properly  calibrated  prior 
to  its  use. 


7.1.2  Chillers.  The  efficiency  of  the  existing  chiller 
plant  shall  be  analyzed  and  evaluated  to  determine  if  system  ef¬ 
ficiency  can  be  improved  or  energy  saving  improvements  imple¬ 
mented.  The  efficiency  of  the  existing  chillers  shall  be  calcu¬ 
lated  using  standard  methods.  Meters  shall  be  used  to  obtain  the 
necessary  data  to  calculate  efficiency.  The  AE  is  responsible 
for  any  metering  necessary.  If  meters  are  existing,  they  may  be 
used  if  their  validated  accuracy  is  within  the  limits  specified 
below,  if  no  meters  fere  present,  the  AE  is  responsible  for  in¬ 
stalling  temporary  meters.  Permanent  taps  or  connectors  shall  be 
installed  so  as  to  cause  minimal  disruptions  to  the  system. 
Ultrasonic  metering  may  be  used.  All  meters  used  must  have  an 
accuracy  of  +  2  percent  and  a  statement  to  that  effect,  signed  by 
an-* independent  testing  laboratory  must  be  included  in  the  report. 
Efficiency  tests  shall  be  made  at  normal  operating  parameters. 
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7.2  guryjft  faiefclng  Plants 

7.2.1  The  condition  of  the  existing  plant  shall  be  studied, 
documented,  and  evaluated,  possibilities  of  repairing  or  replac-  r 
lng  equipment  or  revising  systems  which  will  result  in  improved  • 
efficiency  or  reduced  cost  of  operation  shall  be  investigated * 

7.2.2  The  existing  control  system  will  be  investigated, 
evaluated  and  documented  to  determine  if  equipment  can  be  im¬ 
proved  through  upgrading,  adjustment,  repair  or  replacement,  and 
if  an  alternate  control  system  would  increase  efficiency.  If  an 
alternate  system  is  recommended.  Interim  improvements  to  existing 
controls  shall  also  be  recommended,  if  applicable.  Engineering 
and  economic  analysis  shall  be  developed.  Hew  controls  proposed 
shall  be  Energy  Monitoring  and  Control  Systems  (EMCS)  compatible. 
Corps  of  Engineers  Guide  Specification  (CEGS)  13946,  Building 
Preparation  for  EMCS,  shall  be  used  as  a  standard  for  an  inter¬ 
face  to  the  existing  plant.  If  an  EMCS  exists,  interaction  be¬ 
tween  this  system  and  proposed  modifications  shall  be  clearly 
defined.  The  AE  shall  notify  the  DEH  at  least  ten  days  prior  to 
any  pending  outages  of  equipment  and  obtain  concurrence  prior  to 
proceeding  with  any  work. 

7.2.3  The  present  boiler  and  chiller  operation  and  main¬ 
tenance  practices  shall  be  reviewed,  documented,  and  evaluated 
with  the  intent  to  increase  efficiency.  The  alternatives  and 
recommendations  shall  be  developed,  evaluated,  and  documented  in 
the  report.  Recommendations  shall  be  in  sufficient  detail  so 
that  they  can  be  quickly  implemented.  Detailed  engineering  and 
economic  analysis  of  these  actions  are  not  required,  however,  a 
description  and  evaluation  of  these  recommendations  will  be  in¬ 
cluded  in  the  report. 

7.3  Identify  ECOs.  All  methods  of  energy  conservation  which 
are  reasonable  and  practical  shall  be  considered,  including 
operational  methods  and  procedures  and  maintenance  practices  as 
well  as  physical  facilities.  A  list  of  energy  conservation  op¬ 
portunities  is  included  as  Annex  A  to  this  scope.  This  list  is 
not  intended  to  be  restrictive  but  only  to  assure  that  at  least 
these  opportunities  are  considered,  discussed  and  documented  in 
the  report.  Each  of  the  items  shall  considered  and  discussed  in 
the  report.  Those  items  on  the  list  which  are  not  practical, 
have  been  previously  accomplished,  are  inappropriate  or  can  be 
eliminated  from  detailed  analysis  based  on  preliminary  analysis 
shall  be  listed  i-i  the  report  along  with  the  reason  for  elimina¬ 
tion  from  further  analysis.  All  potential  ECOs  which  are  not 
eliminated  by  preliminary  considerations  shall  be  thoroughly 
documented  and  evaluated  as  to  the  technical  and .  economic 
feasibility.  The  AE  shall  provide  all  data  and  calculations 
needed  to  support  the  recommended  ECO.  All  assumptions  shall  be 
clearly  stated.  Calculations  shall  be  prepared  showing  how  all 
numbers  in  the  ECO  were  figured.  Calculations  shall  be  an  or- 


derly  step-by-step  progression  from  the  first  assumption  to  the 
final  number.  Descriptions  of  the  products,  manufacturers 
dialog  cuts,  pertinent  drawings  and  sketches  shall  also  be  in- 
IPIded.  A  Life  Cycle  Cost  Analysis  Summary  Sheet  shall  be 
prepared  for  each  ECO  and  included  as  part  of  the  supporting 
data. 

7.4.  (Deleted) 


7 . 5  (Deleted) 
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7.6  submittals.  Presentations  aM  Ffvjgwg.  The  work  ac¬ 
complished  shall  be  fully  documented  by  a  comprehensive  report. 
The  report  shall  have  a  table  of  contents  and  be  indexed.  Tabs 
and  dividers  shall  clearly  and  distinctly  divide  sections,  sub¬ 
sections,  and  appendices.  All  pages  «hall  *>e  numbered.  ! The  , AE 
shall  give  a  formal  presentation  of  all  but  the  final  submittal 
to  installation,  command,  and  other  Government  personnel*  The  AE 
shall  prepare  slides  or  view  grapns  showing  the  results  of  the 
study  to  date  for  his  presentation.  During  the  presentation,  the 
personnel  in  attendance  shall  be  given  ample  opportunity  to  ask 
questions  and  discuss  any  changes  deemed  necessary  to  the  study. 
^  review  conference  will  'be  conducted  the  same  day ,  following  the 
presentation.  Each  comment  presented  at  the  review  conference 
will  be  discussed  and  resolved  or  action  items  assigned.  The  AE 
shall  provide  the  comments  from  all  reviewers  and  written 
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notific&tlon  of  the  action  taken  on  each  consent  to  all  revievino 

w**k*  »**«  th*  review  neeting.  It  i« 
ticipatea  what  each  presentation  end  review  conference  will  re— 
'!*«  approximately  one  working  day.  The  presentation  and  review 
inferences  will  be  at  the  installation  on  the  date(s)  agreeable 
to  the  Director  of  Engineering  and  Housing,  the  AE  and  the 
Government's  representative.  The  Contracting  Officer  may  require 
a  resubmittal  of  any  document (s),  if  such  document (s)  are  not^ap- 
proyed  because  they  are  determined  by  the  Contracting  Officer  to 
be  inadequate  for  the  intended  purpose. 

Int*rl“  An  interim  report  shall  be  sub¬ 

mitted  for  review  after  completion  of  the  field  survey  and  an 
analysis  has  been  performed  on  all  of  the  ECOs.  The  report  shall 
indicate  the  work  which  has  been  accomplished  to  date,  illustrate 
the  methods  and  justifications  of  the  approaches  taken  and  con- 
tain  a  plan  of  the  work  remaining  to  complete  the  study.  Cal- 
£«lat  vS,  ,slLowiP9  ener9Y  and  dollar  savings  and  SIRs  of  all  the 
E5°f-.  s^a11  b®  included.  The  simple  payback  period  of  all  ECOs 
snail  be  calculated  and  shown  in  the  report.  The  AE  shall  submit 
the  Scope  of  Work  and  any  modifications  to  the  Scope  of  Work  as 
an  appendix  to  the  report.  A  narrative  summary  describing  the 
work  and  results  to  date  shall  be  a  part  of  this  submittal. 

!LTl.K*W*.?er^0id '  the  Govern»ent's  representative  shall 
coordinate  with  the  Director  of  Engineering  and  Housing  and 

provide  the  AE  with  direction  for  packaging  or  combining  ECOs  for 
programming  purposes  and  also  indicate  the  fiscal  year  for  which 

bhe  programming  or  implementation  documentation  shall  be 
^^repared.  _ 


completed  during  this  audit  shall  be  submitted  with  this  report. 
The  survey  forms  only  may  be  submitted  in  final  form  with  this 
submittal.  They  should  be  clearly  marked  at  the  time  of  submis¬ 
sion  that  they  are  to  be  retained.  They  shall  be  bound  in  a 
standard  three-ring  binder  which  will  allow  repeated  disassembly 
and  reassembly  of  the  material  contained  within. 

..  7 * 6 * 2  Prefinal  Submittal.  The  AE  shall  prepare  and  submit 

tn#  prefinal  report  when  all  work  under  this  contract  is  com- 
*4.  J.h«AE  shall  submit  the  Scope  of  Work  for  the  installa- 
tion  studied  and  any  modifications  to  the  Scope  of  Work  as  an  ap¬ 
pendix  to  the  submittal.  The  report  shall  contain  a  narrative 
summary  of  conclusions  and  recommendations,  together  with  all  raw 
ana  supporting  data,  methods  used,  and  sources  of  information. 

®ha11  lnte9rat«  ®H  aspects  of  the  study.  The  report 
*^Ud€u  an,^°1[der  of  Priority  by  SIR  in  which  the  recom- 
mended  ECOs  should  be  accomplished.  The  synergistic  effects  of 

*  5?0s  on,  °,ne  *notber  shall  have  been  determined  and  the 
results  of  the  original  calculations  adjusted  accordingly. 
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The  prefinal  report,  separately  bound 
Executive  Summary  and  all  appendices  shall* be  bound  in  standard 
three-ring6  binders  which  will  allow  repeated  disassembly  and 
»  The  prefinal  submittal  •»all  be  .rrenged  to  include 
(e)  a  separately  bound  Executive  Summary  to  give  a  brief  overview 
if  what  was  accomplished  and  the  results  of  this  study  using 

graphs,  tables  and  chart.  M  «»eh  «ivf  J‘port  cont.inTng  .  copy 
minimum  requirements) ,  (b)  the  narr  p  volume  and 

S r  th,V d?ts  iTCh^t  wa .^accomplished9  a°nd  the  result,  of 
?hisritiS?,  (cl  appendices  to  include  the  detailed  calculations 

and  all  backuD  material.  ^  #11  -roj,et,  and  ECOs  developed 

during  this  study  shall  be  included  in  the  Executive  ^e^.nd 

knalysis*1  Summar^^h.et^10  the9  cos*t  °( construct  ion  ^pUis^I  OH  the 

savings, ent^ SIR ^ the  simp?.  ‘p^ybac^period  and  the  analysis 

date. 


:  7  e.J  Final  submittal.  Any  revisions  cr  correct ions 

incorporated  int°  *he  _£i  *Xf  replacement  pages,  which  may  be  in- 
tions  may  be  in  the  form  of  repl  ^  _  volumes.  Pen  and 

serted  in  the  prefinal  report,  or  replace- 

ink  changes  or  errata  sheets  will n clearly  stated  with  the 
ment  .pages  ?r®  submitted  documents*  will  be  changed 

ference  and  that  the  Failure  to  do  so  will  require 

submittal  should  be  retained.  Failur  submitted, 

.  resubmission  of complete  volumes.  If ^  new _  volumes  cont»ln 

they  shall  be  in.tand.rdthre.-ring  prefinal  report  with  any 

ithe^replacement^age^should  be  secur.ly  attach.d  to  the  replace¬ 


ment  pages. 

8  ►.  OPERATION  AHD  MAINTENANCE 
Items  noted  during  the  study,  whic 
explain  the  savings  possible. 


»  The  contractor  will  identify 
will  effect  energy  conservation. 


operat ional 
and  will 
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ANNEX  A 


GENERAL  ENERGY  CONSERVATION  OPPORTUNITIES 
AND  OTHER  CONSIDERATIONS 


General  Energy  Conservation  Opportunities: 
o  Controls  to  assure  proper  combustion  air-fuel  ratio, 
o  Installation  of  new  burner  equipment, 
o  Economizers/air  preheaters. 

o  Loading  characteristics  and  scheduling  versus  equipment 
capacity  (equipment  optimization) . 

o  Control  systems  to  operate  chillers  at  their  most  energy 
efficient  operating  condition. 

o  Variable  or  two-speed  cooling  tower  fan. 

o  Storage  of  chilled  water. 

o  High  efficiency  motors. 

o  Instruments  and  controls  to  facilitate  efficient  operations, 
o  Use  smaller  boilers  where  load  has  been  reduced, 
o  Replace  inefficient  boilers  with  more  efficient  boilers. 
Replace  inefficient  chillers  with  more  efficient  chillers. 


o 


(  > 


o  Generate  electricity  on-site  with  natural  gas  turbine  engines 
and  reclaim  heat  from  those  engines  to  produce  steam  for  steam 
turbine  chillers  or  domestic  hot  water/steam. 

o  Use  natural  gas  engine  driven  chillers  and  reclaim  heat  from 
engines  and  condensers  to  produce  domestic  hot  water. 


Other  Considerations  (General  Overview  Only) : 

o  Provide  the  general  impact  on  efficiency  and  capacity  of 
changing  the  refrigerant  to  an  environmentally  safe 
refrigerant . 

o  Generally,  determine  the  extent  of  equipment  modifications 
CO*  rings,  gaskets,  motor  stators,  controls,  etc.)  required 
for  a  new  refrigerant. 

o  Generally,  determine  special  life  safety  features  required 
when  new  refrigerants  are  used  (sensors,  alarms,  ventilation, 
e tc . )  . 
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DETAILED  SCOPE  OF  WORK 


1.  General ♦  This  Detailed  Scope  of  Work  supplements  the  General 
Scope  of  Work  and  provides  information  and  requirements  specific 
to  the  Energy  Survey  of  Army  Boiler  and  Chiller  Plants  at  Fort 
Sill.  Any  conflicts  in  requirements  between  the  General  and 
Detailed  Scopes  of  Work  will  be  resolved  by  the  Corps  of 
Engineers  Project  Manager. 

2.  Boiler/Chiller  Plants  to  be  Surveyed.  Attachment  1 
(Boiler/Chiller  Plant  List)  to  this  Annex  B  lists  the 
boiler/chiller  plants  (in  priority  order)  to  be  surveyed  under 
this  contract.  The  Architect-Engineer  (AE)  will  verify  the 
pertinent  data  in  Attachment  1  and  develop  a  testing  plan  for 
each  boiler/chiller.  Those  plans  will  outline  the  details  of  any 
modifications/attachments  to  plant  equipment  required  in  the 
tests  and  the  plans  will  be  provided  to  Fort  Sill  DEH  for  review 
and  approval.  The  AE  will  comply  with  Occupational  Safety  and 
Health  Administration  (OSHA)  Asbestos  Standards  1910.1001  and 
1926.58  and  40  CFR  61 (m)  in  conducting  any  work  involving 
asbestos.  The  AE  will  also  address  the  Special  Considerations 
outlined  in  Attachment  1  and  present  the  findings  in  the  report. 

3.  Previous  Boiler/Chiller  Plant  Studies.  As  outlined  in  the 
General  Scope  of  Work,  the  AE  shall  update  boiler/chiller 
projects  recommended  in  previous  studies  if  they  have  not  been 
implemented  or  programmed.  The  statuses  of  those  previously 
recommended  projects  are  as  follows: 

a.  Central  Energy  Plant  Nos.  445,  462,  730,  913,  1603,  and 
1653  to  be  replaced  by  single  000  Area  central  energy  plant  — 
ne i ther  implemented  nor  programmed. 

b.  Chilled  Water  Plant  No.  2471  (serving  barracks  Nos.  2470 
and  2471)  to  be  replaced  with  extension  of  chilled  water  piping 
from  Plant  No.  3442  —  designed,  but  not  funded. 

c.  Central  Energy  Plant  Nos.  5900  and  6003  to  be  expanded 
to  serve  future  facilities  —  Plant  No.  5900  expansion  has  been 
completed;  however,  further  expansion  using  waste  oil/sludge 
fired  boilers  has  been  considered  —  Plant  No.  6003  expansion  has 
neither  been  implemented  nor  programmed. 

4.  Government  Furnished  Information.  The  following  information 
will  be  furnished  as  required  and  upon  request  of  the  AE: 

a.  Previously  completed  studies  performed  under  the  Energy 
Engineering  Analysis  Program  (EEAP)  and  other  programs.  The  AE 
may  review  study  availability  at  Fort  Sill  DEH  Energy  Office. 
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b.  Fort  Sill  Energy  Resources  Management  Plan. 

c.  ETL  1110-3-282,  Energy  Conservation. 

d.  ETL  1110-3-301,  Entrance  Doors  to  Heater/Boiler  Rooms. 

e.  ETL  1110-3-318,  Procedures  lor  Programming  Energy 
Monitoring  and  Control  Systems  (EMCS)  Funded  Through  the  MCA 
Program. 

I.  ETL  1110-3-332,  Economic  Studies. 

g.  ETL  1110-3-354,  Direct  Digital  Control  of  Heating, 
Ventilation  and  Air  Conditioning  (HVAC)  Systems. 

h.  Office,  Chief  of  Engineers  Architectural  and  Engineering 
Instructions ,  July  1089. 

i.  Energy  Conservation  Investment  Program  (ECIP)  Guidance, 
dated  25  April  1088  and  revision  dated  15  June  1989. 

J.  Information  on  Existing  EMCS  Studies,  Designs, 
Construction  Contracts,  or  Operating  Systems. 

k.  TM  5-785,  Engineering  Weather  Data. 

l.  TM  5-800-2,  General  Criteria  Preparation  of  Cost 


Estimates . 

m.  TM  5-800-3 

n.  TM  5-815-2 
(EMCS) . 

o.  AR  415-15, 


Project  Development  Brochure. 

Energy  Monitoring  and  Control  Systems 

Military  Construction  Army  (MCA)  Program 


Development. 

p.  AR  415-17,  Cost  Estimating  for  Military  Programming. 

q.  AR  415-20,  Cons true t i on ,  Project  Development  and  Design 


r.  AR  415-28,  Department  of  the  Army  Facility  Classes  and 

Construction  Categories. 

s.  AR  415-35,  Construction,  Minor  Construction. 

t.  AR  420-10,  General  Provisions,  Organization,  Functions, 

and  Personnel . 

u.  AR  11-27,  Army  Energy  Program. 

v.  AR  5-4,  Change  No.  1,  Depart  of  the  Army  Productivity 

Improvement  Program.  .  _  ........ 

w.  HNDSP-84-076-ED-ME ,  Preliminary  Survey  and  Feasibility 

Study  for  Energy  Monitoring  and  Control  Systems. 

x.  NCEL  CR  82.030,  Standardized  EMCS  Energy  Savings 


Calculations^^ _207-ED-ME,  HNDSP88-20B-ED-ME ,  HNDSP88-200-ED-ME  * 

and  HNDSP88-2 10-ED-ME ,  EMCS  Cost  Estimating  Guides. 

z.  Latest  applicable  Engineering  Improvement  Recommendation 

System  (EIRS)  Bulletin.  ...  .  .  . 

aa.  Example  of  a  correctly  completed  implementation 

document  for  a  project.  .  .  „  .  . 

bb.  A  computer  program  titled  Life  Cycle  Costing  in  Design 

(LCCID)  is  available  from  the  BLAST  Support  Office  in  Urbane, 
Illinois  for  a  nominal  fee  to  AE.  This  computer  *‘n  b® 

used  for  performing  the  economic  calculations  for  ECIP  and  non- 
ECIP  ECOs.  The  AE  is  encouraged  to  obtain  and  use  this  computer 
program  The  BLAST  Support  Office  can  be  contacted  at  }44 
Mechanic. 1  Enjln.erlne  Bulldln*.  1206  We.t  Breen  Street.  Urbane. 
Illinois  61801.  The  telephone  number  is  (217)  333-3077. 
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5.  Submittals.  The  AE  will  make  Interim,  Prefinal,  and  Final 
submittals  of  the  work  under  this  contract  as  outlined  in  the 
General  Scope  of  Work.  Attachment  2  (Submittal  List)  to  this 
Annex  B  lists  the  receiving  offices,  addresses,  and  number  of 
copies  for  each  submittal.  The  AE  will  make  submittals  directly 
to  the  offices  listed  with  a  copy  of  the  transmittal  letter  to 
the  Tulsa  District  Project  Manager. 

6.  Delivery  Schedule.  The  schedule  for  completing  work  under 
this  contract  is  somewhat  dependent  on  when  the  peak  cooling  and 
peak  heating  periods  occur  at  Fort  Sill.  The  following  target 
milestones  are  based  on  boiler  tests  being  completed  by 

1  March  1991.  Chiller  tests  will  be  conducted  during  the  summer 
of  1990. 


Item 

Date 

Award  AE  Contract 

24 

Aug  1990 

Interim  Submittal 

1 

May  1991 

Interim  Submittal  Comments 

31 

May  1991 

Prefinal  Submittal 

1 

Aug  1991 

Prefinal  Submittal  Comments 

30 

Aug  1991 

Final  Submittal 

30 

Sep  1991 

7.  Project  Managers /Coordinators.  The  following  persons  will 
serve  as  points  of  contact  and  liaison  for  all  work  required 
under  this  contract: 


AE:  (As  designated  at  time  of  contract  award) 

Tulsa  District:  Merle  London 

US  Army  Engineer  District >  Tulsa 
ATTN:  CESWT-EC-PF 
PO  Box  61 

Tulsa,  OK  74121-0061 
Tele.  No.  (918)  581-7991 
FAX  (918)  581-7365 

Fort  Sill:  Gary  Basham 

US  Army  Field  Artillery  Center  and  Fort  Sill 

ATTN:  ATZR-EE 

Fort  sill,  OK  73503-7200 

Tele.  No.  (405)  351-3517 

FAX  (405)  351-6923 
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ANNEX  B  -  ATTACHMENT  1 


BOILER/ CHILLER  PLANT  .LIST 


Item  :  Plant  :  No.  Chillers*  :  Tons  :  No.  Boilers*  :  MBTU 


Base 

5900 

5  (F) 

2000 

6  (F) 

65.20 

Base 

6003 

3  (F) 

1300 

3  (F) 

16.20 

Base 

730 

3  (F) 

1440 

4  (F) 

15.99 

Opt  1 

2812 

1  (F) 

372 

3  (F) 

6.03 

Opt  2 

4701 

2  (F) 

610+ 

3  (F) 

Opt  3 

5676 

1  (P) 

375 

2  (P) 

2.98 

Opt  4 

5678 

1  (P) 

190 

2  (P) 

3.95 

Opt  5 

3442 

2  (P) 

1200 

No  Boilers 

— 

Opt  6 

914 

1  (P) 

400 

4  (P) 

Opt  7 

1603 

1  (P) 

345 

4  (M) 

Opt  8 

3040 

1  (P) 

350 

2  (P) 

- 

Opt  9 

500 

1  (P) 

110 

1  (P) 

- 

Opt  10 

1490 

1  (P) 

150 

2  (P) 

NOTE:  Above  data  were  extracted  from  existing  records  and 

contain  errors/omissions.  A-E  and  Government  will  jointly  verify 
the  data  prior  to  contract  negotiations. 

*  (F)  =  Full  Test,  as  detailed  in  Pre-Negotiation  minutes. 

(P)  =  Partial  Test,  as  detailed  in  Pre-Negotiation  minutes. 

(M)  =  Minimum  Test,  as  detailed  in  Pre— Negotiation  minutes. 
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ANNEX -B  -  ATTACHMENT  1  (Cont.) 


Special  Considerations. 

Plant  No.  730:  Determine  if  capacity  of  plant  is  sufficient  to 
serve  additional  buildings. 

Plants  Nos.  5676  and  567B:  Determine  the  feasibility  of 
interconnecting  these  two  plants. 

Plant  No.  3442:  Explore  opportunity  for  central  heating  plant. 
This  proposition  was  investigated  in  previous  studies. 

Plant  No.  014:  Determine  feasibility  of  using  one  boiler  to 
serve  four  buildings  (similar  to  single  chiller  in  plant). 

Plant  No.  4701:  Plant  was  designed  for  hospital  use.  but  is  to 
be  now  used  for  other  purposes.  Consider  downgrading  system  to 
low  pressure  steam  and  use  excess  capacity  elsewhere. 
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SUBMITTAL  LIST 

FOBT  SILL  BOILER /CHILLER  SURVEY 


Organization  Submi ttal  e 

USAED,  Tulsa 

ATTN:  CESWT-EC-PF/London 

PO  Box  61 

Tulsa,  OK  74121-0061  5  cys  -  all  submittals 


USAED,  Southwestern 
ATTN:  CESWD-ED-MM/Hasley 

1114  Commerce  Street 
Dallas,  TX  75242-0216 


Commander,  USAFACAFS 
ATTN:  ATZR-EE/Basham 

Bldg  1945 

Fort  Sill,  OK  73503-7200 


Commander ,  TRADOC 

ATTN:  ATEN-FE/Capra 

Fort  Monroe,  VA  23651-5000 


Commander,  HQUSACE 
ATTN:  CEMP-ET/Beranek 
20  Massachuse tts  Ave  NW 
Washington,  DC  20314-1000 


HQDA 

ATTN:  DALO-TSE/Maj  Davies 
Pentagon 

Washington,  DC  20310-0561 


1  cys  -  all  submittals 


3  cys  -  all  submittals 


1  cys  -  all  submittals 


Executive  Summaries  only 
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ANNEX  C 


REQUIRED  ED  IDEM  1211  Em 


(Deleted) 


ANNEX  D 


EXECUTIVE  SUMMARY  SVI DELIAS 


1.  introduction. 

2.  Boiler  Data.  (Number,  sizes,  efficiency,  etc.) 

3.  Present  Energy  Consumption. 

o  Total  Annual  Energy  Used. 

o  Source  Energy  Consumption. 

Electricity  -  KWH,  Dollars,  BTU 
Fuel  Oil  -  GALS,  Dollars,  BTU 
Natural  Gas  -  THERMS,  Dollars,  BTU 
Propane  -  GALS,  Dollars,  BTU 
Other  —  QTY ,  Dollars,  BTU 


o  Energy  Consumption  by  Systems. 

4.  Historical  Energy  Consumption. 

5.  Energy  Conservation  Analysis, 
o  ECOs  Investigated. 


o  ECOs  Recommended. 


o  ECOs  Rejected.  (Provide  economics  or  reasons) 
o  ECIP  Projects  Developed.  (Provide  list)* 
o  Non-ECIP  Projects  Developed.  (Provide  list)* 


o  Operational  or  Policy  Change  Recommendations. 

*  Include  the  following  data  from  the  Life  Cycle  Cost 
Analysis  Summary  Sheet:  the  cost  (construction  Plu®  f*°H) ' 
annual  energy  savings  (type  and  amount) ,  the  annual  aol^ 
savinas,  the  SIR,  the  simple  payback  period  and  the  analysis 
date.  For  all  programmed  projects  also  include  the  year  in  which 
it  is  programmed  and  the  programmed  year  cost. 


6.  Energy  and  Cost  Savings. 

o  Total  Potential  Energy  and  Cost  Savings. 


o  Percentage  of  Energy  Conserved. 

D-l 
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o  Energy  Use  and  Cost  Before  and  After  the  Energy  Conserva¬ 
tion  Opportunities  are  Implemented. 

7.  Energy  Plan. 

o  Project  Breakouts  with  Total  Cost  and  SIR. 
o  Schedule  of  Energy  Conservation  Project  Implementation. 


( 


E  MC  ENGINEERS,  INC. 

2750  S.  Wadsworth  Blvd.,  Suite  C-200 
Denver,  Colorado  80227 


303/988-2951 


CONFIRMATION  NOTICE 


CONFIRMATION  NOTICE  NO.  1 


DATE:  5  July  1990 

PROJECT:  Central  Energy  Plant  Study 

Ft.  Sill,  Oklahoma 


NOTES 

PREPARED  BY:  Carl  E.  Lundstrom 

EMC  Engineers,  Inc. 


DATE  OF 

CONFERENCE:  4  June  1990 

PLACE  OF 

CONFERENCE:  DEH  Office,  Ft.  Sill,  Oklahoma 


PURPOSE  OF 
CONFERENCE: 


Conference  to  discuss  questions  related  to  the  Central  Plant  Study. 


ATTENDEES:  Carl  E.  Lundstrom,  EMC  Engineers,  Inc. 

Merle  London,  Tulsa  District,  COE 
Jerry  Schmidt,  Ft.  Sill  DEH 


CONFERENCE  NOTES: 

The  following  b  a  summary  of  the  items  discussed,  the  comments  made,  and  the 
decisions  made  during  li  e  Conference. 


1. 


2. 


3. 


4. 


The  "Scope  Reduction"  pages  were  dbcussed.  Mr.  Schmidt  agreed  the  scope 
reductions  seemed  reasonable  in  order  to  get  the  project  within  the  project  u  ge 


Mr.  Lundstrom  and  Mr.  London  went  through  the  original  scope  of  services  and 
made  corrections,  deletions,  and  changes  related  to  the  "Scope  Reduction  pages. 

Mr.  London  said  he  would  revise  the  scope  and  mail  a  new  request  for  proposal. 


Mr.  Lundstrom  said  he  would  start  preparing  a  revised  proposal. 


cc  Merle  London  Gary  Basham 

Jerry  Schmidt  Carl  Lundstrom  . 
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SCOPE  REDUCTION 


The  following  proposed  scope  changes  to  ^i-horoa" 
Boiler  and  Chiller  Plant  For  Ft.  Sill,  Oklahoma 
Tulsa  District's  information. 


"Energy  Survey  of  Army 
ahoma"  are  listed  for 


TESTING: 


CHILLER.;. 


Eliminate  cooling  tower  testing.  minimum  required 

Reduce  chiller  testing  metering  full  load:  chiller 

to  calculate  efficiency  performance  at  ®  supply  and 

k«  input,  chilled  water  °t«r  flow,  «nd  ““Sn.er 

-uid 

5£.n3E35i 

one  chilled  water  and  one  condenser  “f  ^  ^tpo  ^  ^ 

taking  the  single  point  pressure,  uc  r 
measurements  as  originally  indicated . 

Interview  operators  and  rePorC°^  range  to  observe 
Run  chiller  through  operating  range 

conditions.  ,  >snil,h1„p  rontrol  system. 

Observe  cooling  tower  temperat 


BOILERS L 


T-hTabhtVror t^i^r“?£lueV|iria^UdmeasureTente, 
-hB1alorl1gear33  newTo^ner  through  exi.ting  meter,  it 
-V  RecoVd*  'temperature ,  pres.ure,  and  flow  data  through 

!’‘iCotrre3lamteeterpar1t  Toad^and'  full  load  capacity  with 

manufacturers  data  and  °,rsatVrtt®s^‘ ndition  Gf  equipment. 

-  Interview  operators  and  report  condition  « ** 

-  Obtain  operator  log  data  that  i.  available. 


Eliminate  the  O&M 


training,  and  related  material. 


ABMiXSiS.i 

•  opportunities  iXTSStt 

-  Replacement  of  boilers. 

-  Control  systems. 

-  Installation  of  new  burners. 
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~  Economi ze r /Ai r  Preheater. 

-  High  efficiency  motors. 

o  Eliminate  5  of  10  chiller  ECO's  identified.  ECO's  left 
include: 

-  Replacement  of  chillers. 

-  Control  systems. 

—  Variable  and  two  speed  motors 

Storage  of  chilled  water  or  other  thermal  storage 
systems, 

-  High  efficiency  motors. 

o  Eliminate  all  cooling  tower  ECO’s. 

o  Eliminate  cooling  tower  computer  modeling 

o  Eliminate  analysis  of  impact  on  existing  chillers  due  to 
changing  the  refrigerant  to  an  environmentally  safe 
refrigerant  and  related  requirements. 

REPORT  DEVELOPMENT: 

o  Eliminate  programming  document  preparation, 

o  Eliminate  implementation  document  preparation, 

o  Eliminate  O&M  training  manual  development. 


[c:\jobs\pl0f.l2\ scope .wp ] 
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CONFIRMATION  NOTICE 


CONFIRMATION  NOTICE  NO.  2 
DATE:  26  September  1990 

PROJECT:  Energy  Survey  of  Army  Boiler  and  Chiller  Plants 

Ft.  Sill/  Oklahoma 
Contract  No.  DACA  56-90-C-0087 

NOTICE 

PREPARED  BY:  Carl  E.  Lundstrom 

EMC  Engineers,  Inc. 

This  is  to  confirm  a  conversation  on  11  September  1990  between 
Merle  London,  Project  Manager,  Tulsa  District  Corps  of  Engineers, 
and  Carl  E.  Lundstrom  regarding  documents  related  to  the  contract. 

Mr.  Lundstrom  discussed  with  Mr.  London  that  four  sets  of 
information  were  prepared  and  circulated  during  the  negotiations  of 
the  referenced  contract,  which  more  clearly  defined  and  refined  the 
scope  of  services.  Mr.  Lundstrom  wanted  to  reconfirm  that  these 
four  documents  are  made  part  of  the  contract  by  this  confirmation 
notice.  The  three  documents  are: 

•  Confirmation  Notice  No.  1,  dated  5  July  1990,  regarding 
"Scope  Reductions." 

•  Conference  Notes,  dated  1  May  1990. 

•  Basis  of  Fee,  submitted  with  fee  proposal. 

•  Test  Procedures,  dated  14  June  1990. 

Mr.  London  agreed  the  documents  are  part  of  the  contract. 


Carl  E.  Lundstrom,  P.E. 
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CONFIRMATION  NOTICE 


Confirmation  No. 

3 

EMC  #3002.000 

DATE: 

February  27,  1991 

PROJECT: 

CON  TRACT  NO: 

Energy  Survey  of  Army  Boiler  and  Chiller  Plants 
DACA  56-90-C-0087 

NOTICE 
PREPARED  BY: 

Pawn  Chulavatr 

EMC  Engineers,  Inc. 

DATE  OF 
CONFERENCE: 

February  13,  1991 

PLACE  OF 
CONFERENCE: 

Ft.  Sill,  Oklahoma 

SUBJECT: 

Exit  Interview  Meeting  Notes 

ATTENDEES: 

Merle  London  Tulsa  District  COE 

Serge  Saltiel  DEH-Ft.  Sill 

Jerry  Schmidt  DEH  -  Engineer  Design 

Carl  Swenson  EMC  Engineers,  Inc. 

Pawn  Chulavatr  EMC  Engineers,  Inc. 

(918)  581-7991 
(405)  351-5708 
(405)  351-4250 
(303)  988-2951 
(404)  952-3697 

The  following  is 

a  summary  of  items  discussed,  the  comments  made,  and  the  decision  made 

during  the  meeting. 

EMC  reported  the  preliminary  results  of  the  boiler  survey.  EMC  stated  that  the  combustion 
efficiency  test  of  boilers  went  well  and  only  one  boiler  is  out  of  commission  (building  4701). 
There  were  a  few  other  minor  problems  encountered.  Overall  the  test  results  were  satisfactory. 
The  preliminary  result  of  the  boiler  testing  is  averaging  around  77%  efficiency. 

Mr.  Swenson  suggests  Ft.  Sill  train  specialized  groups  of  personnel  in  testing/calibrating  boilers 
in  all  central  plants.  He  expresses  the  lack  of  permanent  instrumentation  such  as  stack 
temperature  gauge,  pump  pressure  gauge,  and  opening  for  flue  gas  testing  on  boilers  in  the 
central  plant.  Mr.  London  asked  that  these  suggestions  be  put  in  the  report.  EMC  agreed  to 
incorporate  findings  and  suggestions  into  the  report. 

EMC  described  present  operating  procedures  of  boilers  in  the  central  plants  according  to  the 
boiler  operators.  EMC  reported  that  the  only  boiler  log  data  was  obtained  from  Central  Plant 
5900.  The  other  central  plants  do  not  have  log  data. 
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CONFIRMATION  NOTICE 
February  27, 1991 
Page  2 


Mr.  Schmidt  expressed  interest  in  creating  a  central  heating  plant  as  an  addition  to  chiller 
central  plant  in  buildings  3442  and  730,  utilizing  existing  underground  piping. 


Special  Notes: 

■p  Por  the  purpose  of  determining  the  base  load  on  central  plants,  EMC  is  using  the 
assumption  that  the  proposed  buildings  listed  for  the  EMCS  in  the  DD1391  Validation 
Study  will  be  connected  to  the  EMCS.  These  buildings  will  incorporate  day/night 
setback  and  other  energy  savings  associated  with  EMCS. 

2.  EMC  found  the  heating  and  cooling  log  data  was  either  known  to  be  false  (stated  by 
the  operators)  or  upon  checking,  has  been  determined  to  be  invalid.  Because  of  the  lack 
of  this  information,  EMC  will  estimate  the  loads  on  the  central  plants  based  onBTU  per 
square  feet  data  obtained  from  previous  studies.  EMC  will  also  use  sound  engineering 
judgment  in  applying  the  historical  load  data  to  the  building  and  plants  involved  in  this 

study. 

If  this  method  is  unsatisfactory,  EMC  must  be  notified  as  soon  as  possible. 


Pawn  Chulavatr 
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CONFERENCE  NOTES 


DATE:  26  September  1990 

PROJECT:  Energy  Survey  of  Army  Boiler  and  Cluller  Plants 

Ft.  Sill,  Oklahoma 
Contract  No.  DACA  56-90-C-0087 

NOTICE 

PREPARED  BY:  Carl  E.  Lundslrom 

EMC  Engineers,  Inc. 

DA  TE  OF 

CONFERENCE:  11  September  1990 

PLACE  OF  CONFERENCE:  DEM  Conference  Room,  Ft.  Sill,  Oklahoma 
PURPOSE  OF  CONFERENCE:  Entry  Interview 

ATTENDEES:  Merle  London,  Tulsa  District,  Corps  of  Engineers,  (918)  581-7991 

Carl  Lundstrom,  EMC  Engineers,  Inc.,  (404)952-3697 
Carl  Swenson,  EMC  Engineers,  Inc.,  (303)  988-2951 
Kenneth  Rodgers,  DELI  LIVAC,  Ft.  Sill 
Jerry  Schmidt,  DEH,  Ft.  Sill,  (405)  351-4250 
Doug  Cook,  DEH  Energy,  Ft.  Sill,  (405)  351-3225 

1.  Mr.  Lundstrom  provided  an  overview  of  the  scope  of  services,  including  testing,  energy 
conservation  opportunities  (ECOs),  and  documentation  of  the  plants  to  be  evaluated. 

2.  Mr.  Lundstrom  described  the  test  procedures  to  be  conducted  on  the  chillers  and  boilers. 
He  described  that  the  test  on  the  chillers  would  be  conducted  immediately  and  the  boiler 
testing  would  be  conducted  during  winter  months  (December-February). 

3.  Mr.  Lundstrom  presented  his  list  of  personnel  conducting  the  survey,  his  proposed  schedule, 
and  proposed  working  hours.  Mr.  Rodgers  saw  no  problem  providing  RVAC  shop  personnel 
for  the  proposed  survey  schedule. 

4.  Mr.  London  discussed  that  EMC  should  be  very  careful  when  removing  insulation,  so  as  to 
not  have  asbestos  problems.  Mr.  Lundstrom  agreed  with  the  situation.  Mr.  Schmidt  agreed 
to  contact  Mr.  Goode  at  Ft.  Sill  environmental  regarding  the  testing  of  insulation  for  asbestos. 

5.  Mr.  Lundstrom  asked  if  it  would  be  a  problem  to  shut  off  chillers,  or  take  load  off  of  chillers 
temporarily  so  as  to  increase  the  load  for  testing  purposes.  Mr.  Rodgers  did  not  see  a  problem 
with  this. 
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Conference  Notes 
26  September  1990 
Page  2 


6.  Mr.  Swenson  asked  about  the  general  condition  of  chillers  and  annual  maintenance 
procedures.  Mr.  Rodgers  explained  the  chillers  are  generally  in  good  condition  and  the 
condensers  are  all  cleaned  before  each  cooling  season. 

7.  Mr.  Schmidt  emphasized  he  is  interested  in  adding  more  buildings  to  central  plants, 
especially  in  those  facilities  where  there  is  extra  cooling  capacity. 

8.  Mr.  Cook  discussed  the  Energy  Department  is  interested  in  developing  energy  conservation 
projects  for  future  funding. 

9.  Mr.  Lundstrom  agreed  to  prepare  conference  notes,  and  the  meeting  was  adjourned. 


Carl  E.  Lundstrom,  P.E. 


Enclosure:  Meeting  Agenda 


ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 

FT.  SILL 

CONTRACT  DACA56-90-C-0087 
ENTRY  INTERVIEW 


AGENDA 

1.  GENERAL  OVERVIEW  OF  PROJECT 

-  Testing  of  boiler  and  chillers  for  efficiency  of  plant. 

-  Determine  current  operating  procedures  of  plants. 

-  Identify  energy  conservation  opportunities  (ECO). 

-  Perform  analysis  to  determine  energy  consumption  of  plants,  and  evaluate  ECO  s. 

-  Prepare  comprehensive  report  documenting  the  findings  of  the  survey  and  analysis. 

-  Central  Plants, 

5900 

6003  » 

730 

2812 

5676 

5678 

3442 

914 

4701 

2.  INTENDED  PROCEDURES 

-  Chiller  Testing,  September  1990 

-  Boiler  Testing,  January  1991 
(see  attached  lest  procedures) 

3.  SCHEDULE  -  CHILLER  TESTING 
Tuesday,  9/11,  Building  2812 
Wednesday,  9/12,  Building  6003 
Thursday,  9/13,  Building  730 
Friday,  9/14,  Building  730  &  914 
Saturday,  9/15,  Building  5900 
Monday,  9/17,  Building  5900 
Tuesday,  9/18,  Building  3442 
Wednesday,  9/19,  Building  5676 
Thursday,  9/20,  Building  5678 
Friday,  9/21,  Building  4701 
Saturday,  9/22,  optional 
Monday,  9/24,  optional 
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4.  PERSONNEL  CONDUCTING  SURVEY 

Carl  E.  Lundstrom 
Carl  A.  Swenson 
Jim  Walters 

5.  PROPOSED  WORKING  HOURS 

07:30  lo  18:00  hours,  dales  as  shown 

6.  DEH  SUPPORT 

One  RVAC  shop  chiller  personnel,  to  bring  chillers  on  and  oil  line  for  testing.  Also 
EMC  will  interview  RVAC  personnel  to  determine  how  plants  are  currently  operated. 

7.  DISCUSSION 

Any  chillers  plants  not  operational  that  can  not  be  tested? 

Other 


Page-2 


A-36 


TEST  PROCEDURES 

Energy  Suivey  or  Army  Boiler  and  Chiller  Plants 
El.  Sill,  Oklahoma 
Page  1  of  3 

...  ,  IM  h i  .  v... .  D 

Dale:  M  June  1990 

EMC  Project  No.:  P10F.UI2  •'* 

r:'  r.\f(  , 

Boiler  Testing: 

lire  boiler  lest  procedure  is  designed  to  determine  the  clficiency  of  the  boiler  plants.  The 
procedure  Is  based  on  the  American  Society  or  Mechanical  Engineers  (ASME)  Power  Test  Code 
4.1  and  will  utilize  insti umentntiou  provided  by  EMC  Engineers,  Inc.  It  Is  noted  that  this 
procedure  does  not  stiictly  adhere  to  ASME.  PTC  4.1;  it  is  designed  to  provide  the  trecessary  data 
while  controlling  conls.  Tire  data  obtained  during  lire  testing  will  be  used  to  analyze  boiler-related 
Energy  Conservation  Opportunities  (IpOU’s).  A  siitgle  leading  of  tire  (allowing  wili  be  mcusurcd: 

Flue  gas  temperature 

Anibienl  (combustion)  air  lempeialuie 

Flue  gas  CO,  content 

Flue  gas  O,  content 

Outside  air  lcirt|>craluic 

Outside  air  relative  humidity  1  ’ 

Fuel  llow  (using  existing  meters) 

KW  input  to  primary  hot  water  circulation  pumps 

Dillcrcntial  pressure  on  representative  printaty  hot  water  circulation  pumps 

Boiler  readings  will  be  taken  while  the  boiler  is  under  steady  slate  filing  conditions  to  the  extent 
practical.  'Fire  test  procedure  is  as  follows: 

1)  Install  Flue  gas  thermometer  and  sampling  lube  in  the  stack  through  existing 
penetrations  if  possible.  If  not,  a  new  penetration  will  be  made  using  a  handheld 
drill. 

2)  For  non  modulating  bur  nets,  set  burner  contiol  to  hi-lirc  setting  (it  applicable). 
Adjust  controls  of  other  boilers  so  that  the  boiler  being  tested  tires  continuously. 

3)  For  modulating  bin  nets,  set  burner  control  to  tumiturl,  constant  setting.  Adjust 
controls  oT  other  hoilcis  so  that  the  conditions  of  the  boiler  being  tested  remain 
relatively  steady.1 

4)  Observe  the  following  operating  conditions  iclntivc  to  manufacturer's 
recommendations: 

slcam/hot  water  pressute/tcmpcralure  setpoints 
boiler  water  level 
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Name  configuration 

combustion  control 

make-up  water  conti  ol 

leaking  safely  and  oilier  valves 

signs  ol  leaking  boiler  lubes 

genet al  condition  of  lioiler  insulation 

5)  Kec.ord  data. 

b)  Remove,  iustnmientaliou,  teluin  eoutiol  settings  to  otigiunl  |>osilious. 


Chiller  Testing; 

I  his  chiller  lest  procedure  is  made  with  the  intent  of  determining  the  cfliciency  of  the  chiller 
pants,  the  procedure  is  based  on  the  Air-Conditioning  and  Kchigcration  Institute  (AR1) 
.'u  ...  ‘Vr  Centrifugal  or  Kofnry  Setew  Water  Chilling  Packages  (AR1  550-88).  The  procedure 
wi  uli  izc  instrumentation  provided  by  EMC  Engineers,  Inc.  It  is  noted  that  this  procedure  does 
not  sb icily  adlieie  to  ARI  550-88;  it  is  designed  to  provide  the  necessary  data  while  controlling 
costs.  I  lie  data  obtained  during  the  testing  will  be  used  to  analyze  chiller-related  ECO’s.  A  single 
set  of  readings  of  the  following  points  will  be  mctcicd: 

Condenser  water  inlet  temperalute 

Condenser  water  outlet  temperature 

Chilled  water  return  temperature 

Chilled  water  supply  lempeialurc 

Chilled  water  (low 

Chiller  Compressor  K\V  input 

Outside  air  temperature 

Outside  air  relative  humidity 

KW  Input  to  chilled  and  condenser  water  pumps 

Dillctculinl  pressure  oil  lepieseulativc  chilled  and  condenser  water  puuips 
Condenser  iulcl/oullcl  pi cssute  differential 
Evaporator  inlcj/outlct  picssurc  dillcrcntial 

i 

1  leadings  will  be  taken  al  nonnal  chilled  water  and  condenser  water  supply  temperature  setpoints. 
Normal  setpoints  Is  meant  to  mean  Ihe  setpoints  used  under  norlnul  operating  conditions  by  the 
Ft.  Sill  maintenance  staff.  The  test  proccduic  is  as  follows: 

1)  Install  all  chiller  lest  equipment. 

2)  Adjust  setpoints  to  normal  |>ositions.  Allow  time  for  chiller  to  reach  steady-slate 
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conditions.  Steady-stale  is  considered  to  he  established  after  three  sets  of  data  have 
been  taken,  at  live  minute  intervals,  where  the  readings  remain  within  the 
tolcrcnccs  set  lot  111  in  AFU  550-88,  Pam.  A7.2. 

Practical  steps  will  be  taken  to  obtain  steady-state  conditions.  If  these  conditions 
are  not  i cached  within  1  hour,  the  BMC  test  engineer  will  use  his  discretion  as  to 
how  to  proceed  with  the  testing. 

3)  Have  DHI1  |>eisonnel  remove  all  non-condensables  horn  the  system. 

4)  During  the  testing,  observe  the  following  updating  conditions  relative  to 
maniilactmer’s  i ecommeiUlalions: 

refrigerant  charge 
temperatures  and  pressures 
speed  control 

5)  Alter  the  chiller  conditions'  have  stabilized,  take  a  single  set  or  readings. 

6)  Remove  instrumentation. 

At  the  time  of  the  tests,  DRI 1  personnel  will  he  interviewed  as  to  the  lime  of  last  cleaning  and  the 
general  cleanliness  of  all  heat  exchangers.  Phis  information  will  be  used  to  estimate  fouling 
factors. 
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The  proposal  for  the  above  project  is  based  on  the  following  items: 

1.  EMC  will  use  existing  natural  gas  meters  in  the  boiler  plants  at  Ft.  Sill.  EMC  will  not 
install  any  additional  gas  meters. 

2.  One  complete  set  of  metering  equipment  will  be  used.  This  equipment  will  all  be  direct 
readout  type  equipment;  an  electronic  data  acquisition  system  with  sensors,  PC,  etc.  will 
not  be  used.  Equipment  purchased  for  the  project  and  to  be  given  to  the  Government  at 
the  end  of  the  project  are  as  follows: 

(2)  Stack  Thermometers 

(1)  Ultrasonic  Flow  Meter 

(6)  Thermometers 

(1)  Handheld  Flue  Gas  Analyzer 

(6)  Pressure  Gages 

3.  Asbestos  Containing  Materials  (ACM)  removal  will  amount  to  no  more  than  (8)  horizontal 
type  44"  wide  by  60"  long  glove  bags. 

4.  Any  material  that  is  suspected  by  EMC  to  be  ACM  will  be  treated  as  ACM  unless  that 
material  is  sampled,  tested,  and  positively  identified  by  the  Government  as  not  being  ACM. 
Sampling  and  testing  must  be  performed  according  to  all  applicable  EPA,  OSHA,  and 
other  Federal,  State,  Regional,  and  Local  regulations. 

5.  All  ACM  removal  will  be  classified  by  EPA  regulations  as  "O  &  M  removal". 

6.  All  ACM  removed  will  be  disposed  of  at  the  approved  ACM  disposal  site  at  Ft.  Sill. 

7.  All  necessary  pipe  penetrations  are  existing.  No  additional  pipe  penetrations  will  be 
required  for  the  testing. 

8.  Equipment  outages  of  short  duration  will  be  required  to  connect  meters.  It  is  not  expected 
that  these  outages  will  significantly  effect  plant  operation.  A  general  schedule  of  outages 
will  be  provided  at  the  survey  entrance  interview.  Given  the  nature  of  the  survey  work, 
providing  a  detailed  schedule  of  outages  is  not  possible. 

9.  In  Appendix  A,  General  Scope  of  Work,  Para.  2.1,  the  phrase  "updated  and  included"  is 
taken  to  mean  as  follows:  No  technical  analysis  will  be  done  under  this  contract.  An 
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CONFERENCE  NOTES 


DATE:  1  May  1990 

PROJECT:  Ft.  Sill 

Energy  Survey  of  Army  Boiler  and  Chiller  Plants 

NOTES 

PREPARED  BY:  Carl  E.  Lunds trom,  P.E. 

EMC  Engineers,  Inc. 


DATE  OF 

CONFERENCE:  17  April  1990 


PLACE  OF 

CONFERENCE:  DEH  Office,  Ft.  Sill,  Oklahoma 


PURPOSE  OF 

CONFERENCE:  Pre-negotiation  conference  to  discuss  questions  related 

to  the  Ft.  Sill  energy  survey  of  Army  boiler  and 
chiller  plants 


ATTENDEES:  F.  Mike  Denham,  EMC  Engineers,  Inc.,  (303)988-2951 

Carl  E.  Lundstrom,  EMC  Engineers,  Inc.,  (404)952- 
3697 

Merle  London,  Tulsa  District,  COE,  (918)581-7991 
Gary  W.  Basham,  Ft.  Sill  DEH,  (405)  351-3517 
Jerry  E.  Schmidt,  Ft.  Sill  DEH,  (405)  351-4250 
Steve  McManus,  Ft.  Sill  Energy  Conservation  Office, 
(405)  351-3225 

Ron  Barnett,  Environmental  Division,  (405)  351-2715 
Don  Goode,  Environmental  Division,  (405)  351-2715 

CONFERENCE  NOTES: 

The  following  is  a  summary  of  the  items  discussed,  the  comments  made, 
and  the  decisions  made  during  the  Conference.  The  A/E  statement  of 
work  and  conference  agenda  were  distributed  to  each  person. 


1.  M.  London  opened  the  conference  with  general  introductions  and 
explanation  of  the  scope  of  the  project.  EMC  is  to  survey  boilers  and 
chillers  at  Ft.  Sill,  determine  their  operating  efficiency,  evaluate 
energy  conservation  opportunities,  and  prepare  three  submittals  of  the 
testing  and  analysis.  In  addition  EMC  is  to  provide  a  one-day 
training  seminar. 

2.  Asbestos  removal  concerns  were  discussed  with  R.  Barnett.  EMC  will 
be  installing  instrumentation  on  the  boilers  and  chillers  to  test 
their  efficiency.  Piping  and  flue  insulation  will  have  to  be  removed. 
Unless  the  insulation  has  been  sampled,  tested  and  positively 
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identified  as  not  having  asbestos  containing  material  (ACM),  it  will 
be  treated  as  asbestos.  Paragraph  2.  in  Annex  B,  in  the  statement  of 
work,  identifies  the  OSHA  standard  which  must  be  followed  by  workers 
that  will  be  in  areas  with  ACM's.  R.  Barnett  explained  if  ACM  will  be 
removed  and  disposed  of,  EMC  must  follow  EPA  regulation  Title  40CFR  61 
(m)  .  It  was  felt  the  work  would  be  classified  as  O&M  removal.  EMC 
should  investigate  inspection  notification,  ACM  removal,  and  ACM 
disposal  requirements.  EMC  will  have  to  contract  with  a  licensed  ACM 
removal  contractor  for  this  work.  The  government  has  an  approved  ACM 
disposal  site  at  Ft.  Sill  for  the  material. 

The  following  questions  relate  to  Appendix  A,  General  Scope  of  Work 
for  an  Energy  Survey  of  Army  Boiler  and  Chiller  Plants  for  Ft.  Sill 
Oklahoma : 

3.  Paragraph  2.1:  Only  the  previous  studies  identified  in  Annex  'B' 
paragraph  3.a.b.&  c.  and  related  projects  in  Annex  'B'  attachment  1 
(cont.)  must  be  updated  and  included  in  this  study. 

4.  Paragraph  2.3:  The  statement  that  the  study  shall  include 
supporting  systems  such  as  fuel  oil  storage,  pollution  abatement,  etc. 
is  meant  to  only  note  those  items  related  to  the  existing  boiler  and 
chiller  plant,  which  seem  not  normal,  in  need  of  repair,  etc. 
Detailed  evaluation  of  these  items  is  not  required. 

5.  Paragraph  2.3:  The  study  is  not  intended  to  include  a  detailed 
evaluation  of  the  distribution  systems  related  to  the  central  plants. 
If  EMC  notes  problems  while  on-site  (such  as  steam  leaks  in  piping 
pits)  these  items  should  be  described  briefly  in  the  report. 

6.  Paragraph  2.5:  The  term  "technically  and  economically  feasible,"  is 
meant  to  be  those  items  which  have  been  done  and  proven  to  provide 
savings,  i.e.  nothing  experimental.  All  ECO's  should  be  coordinated 
with  DEH  on  what’s  feasible  for  Ft.  Sill. 

7.  Paragraph  2.8:  ECAM  evaluation  does  not  apply  to  Ft.  Sill.  Delete 
this  requirement  from  the  statement  of  work. 

8.  Paragraph  3.4:  EMC  will  not  be  required  to  attend  any  non-scheduled 
meetings.  EMC  will  have  a  kickoff  meeting  at  the  beginning  of  the 
field  survey,  and  an  exit  interview,  plus  the  scheduled  submittal 
review  meetings . 

9.  Paragraph  3.7. l.c:  There  will  be  no  major  restrictions  on  the 
working  hours  for  EMC.  EMC  shall  coordinate  it’s  working  schedule 
with  DEH. 

10.  Paragraph  7.1.1:  The  statement  of  work  regarding  "submit  —  testing 
laboratory  to  the  Contracting  Officer  for  approval,  is  meant  to 
include  submitting  documentation  showing  testing  equipment  has  been 
properly  calibrated. 
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11.  Paragraph  7.1.1:  The  efficiency  testing  requirements  for  boilers 
were  divided  into  full  testing,  partial  testing,  and  minimum  testing 
requirements,  based  on  the  size  and  age  of  the  plants  (see  Annex  B  - 
attachment  1). 

Full  efficiency  testing  is  to  include:  Installation  of 
instrumentation  for  input/output  measurement  required  to  meter  energy 
in  versus  energy  out.  See  attached  diagrams  for  instrumentation  of 
low  temperature  hot  water  boilers  ( LTHW ) ,  high  temperature  hot  water 
boilers  ( HTHW ) ,  and  steam  boilers. 

Partial  efficiency  testing  is  to  include:  Stack  temperature  and  CO 
measurements  to  determine  the  boiler  combustion  efficiency,  plus 
overall  inspection  of  the  general  boiler  condition  and  operation.  See 
attached  diagrams  for  instrumentation  of  low  temperature  hot  water 
boilers  (LTHW),  high  temperature  hot  water  boilers  (HTHW),  and  steam 
boilers . 

Minimum  testing  is  to  include:  Overall  inspection  of  the  general 
condition  and  operation.  No  instrumentation  will  be  used  for  this 
testing. 

It  is  assumed  one  set  of  instrumentation  equipment  will  be  used  for 
the  measurements.  This  set  of  instrumentation  will  be  moved  from 
boiler  to  boiler  to  make  the  required  measurements.  In  those 
locations  where  an  insertion  flow  meter  will  be  used,  a  new  pipe  tap 
and  full  bore  valve  will  be  installed  and  left  in  place  after  the 
metering  is  complete. 

EMC  will  be  required  to  remove  asbestos  insulation  on  pipes  and  stacks 
as  required  to  make  measurements  (see  item  2.). 

12.  Paragraph  7.1.2:  The  efficiency  testing  requirements  for  chillers 
were  divided  into  full  testing,  partial  testing,  and  minimum  testing 
requirements,  based  on  the  size  and  age  of  the  plants  (see  Annex  B  - 
attachment  1). 

Full  efficiency  testing  is  to  include:  Installation  of 
instrumentation  for  input/output  measurement  required  to  meter  energy 
in  versus  energy  out.  See  attached  diagrams  for  instrumentation  of 
chillers . 

Partial  efficiency  testing  is  to  include:  The  same  as  full  efficiency 
testing  minus  the  flow  metering  installation.  See  attached  diagrams 
for  instrumentation  of  chillers. 

Minimum  testing  is  to  include:  Overall  inspection  of  the  general 
condition  and  operation.  No  instrumentation  will  be  used  for  this 
testing. 

It  is  assumed  one  set  of  instrumentation  equipment  will  be  used  for 
the  measurements.  This  set  of  instrumentation  will  be  moved  from 
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chiller  to  chiller  to  make  the  required  measurements.  In  those 
locations  where  an  insertion  flow  meter  will  be  used,  a  new  pipe  tap 
and  full  bore  valve  will  be  installed  and  left  in  place  after  the 
metering  is  complete. 

For  the  full  and  partial  testing  EMC  will  measure  the  efficiency  of 
the  plants  at  varying  loads  at  the  following  setpoints: 

•  Chilled  water  supply  setpoints:  44°,  46°,  and  48°,  at  the 
normal  condenser  water  setpoint  temperature. 

•  Condenser  water  supply  setpoints:  87,  85,  and  82,  at  the 
normal  chilled  water  supply  setpoint  temperature. 

EMC  will  be  required  to  remove  asbestos  insulation  on  pipes  as 
required  to  make  measurements  (see  item  2.). 

13.  Paragraph  7.2.3:  This  paragraph  is  not  intended  to  write  an  O&M 
manual  for  boiler  and  chiller  operation.  Include  O&M  items  which 
would  be  covered  in  the  one-day  training  class  related  to  this 
project . 

14.  Paragraph  7.5:  It  was  decided  $25,000  or  less  was  the  limit  for  a 
low  cost/no  cost  ECO. 

15.  Paragraph  7.6.1:  The  sample  completed  DA  Form  5108-R  should  be 
submitted  with  the  interim  submittal.  EMC  should  coordinate  with  DEH 
which  project  should  be  submitted  prior  to  the  interim  submittal. 

16.  Paragraph  8.:  EMC  will  be  required  to  give  the  one-day  training 
class  on  three  consecutive  days,  to  three  different  classes  of 
maintenance  personnel  at  Ft.  Sill.  EMC  should  estimate  on  having  15 
persons  per  class. 

General  comments  and  questions: 

17.  Mr.  Lundstrom  asked  about  evaluating  manpower  operation 
requirements.  Mr.  Basham  explained  this  was  a  touchy  subject,  but  is 
an  important  area  to  review.  EMC  should  coordinate  all  information 
very  closely  with  DEH,  prior  to  submittals. 

18.  Mr.  Lundstrom  explained  that  to  perform  detailed  ECO  calculations, 
detailed  boiler  log  data  would  provide  the  best  method  of  estimating 
hourly  loads.  Because  there  are  little  or  no  log  data  kept,  EMC  will 
have  to  estimate  loads,  from  gross  capacities,  or  what  little  monthly 
metering  data  that's  available. 

19.  After  the  study  is  complete,  EMC  will  leave  the  metering  equipment 
for  government  to  use.  There  is  little  or  no  measurement  or  metering 
instrumentation  on  the  central  plants.  This  equipment  can  be  used  in 
the  future  for  metering  and  adjusting  central  plant  equipment 
operations.  Some  of  the  metering  equipment  will  be  site  specific  for 
the  metering  installations. 
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20.  EMC  will  have  to  review  the  scheduling  impact  of:  1)  submitting 
metering  plan  for  approval,  and  2)  having  contractors  install  metering 
taps  and  asbestos  abatement. 

21.  Annex  A,  regarding  impact  of  new  refrigerants,  EMC  will  address: 
1)  the  general  question  of  the  affect  refrigerant  changes  will  have  on 
Ft.  Sill,  and  the  central  plants  in  question,  2)  generally  what 
efficiency,  equipment  changes,  capacity,  and  life  expectancy  changes 
will  occur,  3)  manufacturers  input  to  equipment  changes  required,  4) 
a  general  discussion  on  cost  to  convert  chillers  versus  replacement  of 
chillers,  5)  life  safety  requirements  for  new  refrigerants,  and  6) 
general  design  guidelines  and  directives  for  future  chiller  plant 
designs.  Specific  chiller  by  chiller  evaluation  for  technical 
modifications  will  not  be  provided  in  this  study. 

Ft.  Sill  DEH  is  to  provide  EMC  with  copies  of  the  as-built  mechanical 
plans  for  the  chiller  and  boiler  plants  that  will  require 
instrumentation  installations  for  measurement,  for  EMC  to  prepare  a 
construction  estimate  for  their  fee  proposal.  Ft.  Sill  is  to  provide 
EMC  a  list  of  names  of  mechanical  and  asbestos  abatement  contractors 
who  have  worked  at  Ft.  Sill. 

Tulsa  District  needs  to  provide  the  following  documents  for  EMC  to 
prepare  their  fee  proposal: 

1.  AR415-17,  Tri-Service  MCP  Index,  and  EIRS  bulletin. 

2.  Latest  ECIP  guidance. 

3.  AR5-4,  change  no.  1. 

4.  ETL  1110-3-332. 

5.  AR415-15,  MCP  Data,  DD  Form  1391 

6.  AR415-20. 

7.  TM5-800-3  for  PDB . 

8.  Copy  of  a  completed  PDB. 

9.  DA  Form  5108-R,  copy  of  a  blank  form,  instructions  for  completing 
the  form,  and  a  completed  form  as  an  example. 

10.  Copy  of  a  completed  DA  Form  5108-R. 

11.  Example  completed  implementation  document 


Carl  E.  Lundstrom,  P.E. 
Project  Manager 
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economic  analysis  will  be  done  using  the  previous  technical  analysis  results  and  current 
economic  data.  Construction  cost  estimates  from  the  previous  studies  will  be  adjusted  for 
inflation.  All  necessary  technical  analysis  results  from  the  previous  studies  will  be  provided 
by  the  Government.  Only  previous  studies  that  effect  the  boiler/chiller  plants  in  this  study 
and  that  are  identified  in  Annex  B,  Attachment  1,  Detailed  Scope  of  Work  will  be  included 
in  this  study. 

The  manufacturer’s  published  technical  data  will  be  sufficient  certification  of  accuracy  for 
meters  and  other  test  equipment  that  are  new  (not  previously  used). 

EMC  will  have  the  full-time  assistance  of  a  boiler/chiller  operator  from  Ft.  Sill  to  perform 
equipment  changeover.  This  will  require  approximately  1-1/2  weeks  during  the  chiller 
testing  in  July  or  August  1990  and  approximately  1  week  during  the  boiler  testing  in 
January  1991. 

Annex  A  to  the  General  Scope  of  Work  "General  Energy  Conservation  Opportunities  and 
Other  Considerations"  is  revised  to  eliminate  redundant  ECO’s  and  to  combine  certain 
ECO’s  to  allow  for  practical  implementation  and  valid  technical  Analysis.  Annex  A  will 
,  read  as  follows:  ' 

i 

General  Energy  Conservation  Opportunities: 

1)  Replacement  of  Boilers 

2)  Installation  of  New  Burners  and  Control  Systems  (to  assure  proper  combustion  air- 
fuel  ratio  and  most  economical  operation,  including  equipment  optimization) 

3)  Economizers/Air  Preheaters 

4)  High  Efficiency  Motors  on  Primary  Hot  Water  Circulation  Pumps  and  Chilled  and 
Condenser  Water  Pumps. 

5)  Variable  or  Two  Speed  Motors  on  Primary  Hot  Water  Circulation  Pumps  and 
Chilled  and  Condenser  Water  Pumps. 

6)  Replacement  of  Chillers 

7)  Control  Systems  (to  operate  chillers  at  most  economical  conditions,  including 
equipment  optimization) 

8)  Storage  of  Chilled  Water 

No  additional  ECO’s  will  be  analyzed  in  detail.  No  ECAM  projects  will  be  included.  A 
general  discussion  of  possible  low  cost  /  no  cost  ECO’s  observed  during  the  surveys  will 
be  included  in  the  report. 

No  heating  or  electrical  load  calculations  are  included.  These  loads  will  be  provided  by  the 
Government,  as  required. 
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15.  EMC  project  team  members  will  make  four  trips  to  Ft.  Sill.  They  are  as  follows: 

1)  Chiller  testing  (approximately  1-1/2  weeks) 

2)  Boiler  testing  (approximately  1  week) 

3)  Interim  Report  Submittal  Presentation 

4)  Prefinal  Report  Submittal  Presentation 

16.  No  more  than  two  EMC  personnel  will  take  part  in  each  site  visit  to  Ft.  Sill.  This  includes 
the  surveys  and  the  submittal  presentations. 

17.  Boiler/Chiller  plants  5900,  6003,  and  730  are  included. 

18.  Travel  costs  were  established  based  on  14  day  prior  notice. 

Any  additional  effort  to  that  indicated  above  will  be  accomplished  through  a  modification  to  the 
contract. 
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Paragraph  2.2.4 

The  chillers  in  central  plant  building  3442  serves  a  tota 
of  21  buildings. 


Paragraph  2.2.8  and  Paragraph  2. 2. 8. 2 
The  central  plant  building  5900  serves  a  total  of  5 
barracks  (bldgs,  no.  5955.  5960.  5970.  6007  &  6050). 


Central  plant  chiller  should  be 
chiller  to  be  170  tons. 


ons  Table  2-2  shows 


Central  plant  (No.  5676)  chiller  should  be  375  tons  Table 
2-2  shows  chiller  to  be  170  tons. 
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5.  3-2  The  distribution  loss  for  the  area  served  by  the  central 

plant  in  building  have  been  more  than  negligible.  The 
heat  loss  from  the  super  heated  hot  water  distribution 
system  have  caused  sufficient  ground  heating  to  damaged 
some  of  the  chilled  water  piping.  If  the  ground  heat  was 
sufficient  to  cause  damage  to  plastic  piping  systems  then  y fc 

it  stands  to  reason  that  the  losses  are  more  than 

negligible.  6 1 jfjf _h-» p  I  SSF  ttl^  Jj®. jJfXH . _<!  JQ_- _ 

6  Tab  4  Annual  savings  for  Ice  Storage  Systems  was  based  on  12 

months  per  year  and  the  existing  chiller  efficiency.  The 
use  of  Air  Conditioning  is  only  authorized  4  to  5  months 
per  year  and  the  existing  chillers,  modified  to  produce 
ice  will  lose  efficiency.  The  savings  should  *be  based  on 
the ' actual  period  of  use  and  the  efficiency  achieved  while  ^ 
producing  ice. 

7.  4-47  The  estimated  construction  cost  to  replace  the  existing  . 

chiller  appears  to  be  excessive.  _ r___ 

8.  6-5  The  chiller  located  at  central  plant  914  is  a  400  ton  / 

chiller. 


of-1 


Ifl^ 


a  <lH 


9.  6-13 


The  central  plant  6003  has  three  chillers  one  400  ton  and 
two  450  ton  chillers.  The  operational  strategies  only 
addressed  using  the  two  450  ton  chillers. 


v/ 


- - - -  - -  -- . .  L  836  Army-Fort  Sill,  Okla 

PAGE  1  of  2 

FS  Form  910  A-50 

(DFID  I  Aug  87 


E  7 


FORT  SILL  REVIEW  COMMENTS 


'  DATE 

*  U  July,  1991 


DIRECTORATE  OF  ENGINEERING  &  HOUSING  •  DISCIPLINE 


ENERGY  SURVEY  OF  ARMY_BOILER  »  CHILLER=PU»IS;  ^  ^HITECTURAL 


LOCATION 

FORT  SILL,  OKLAHOMA 


PROJECT  NUMBER 
DACA  56-90-C-00B7 


ELECTRICAL 
FIRE  PROTECTION 


‘  CMT .  ‘DWG. 'REVIEWER 
•  N0  •  no.'  JERRY  SCHMIDT 


'  PHONE  NUMBER 

(405)351-4250 


ACTION 

A  CONCUR 
D  DO  NOT  CONCUR 
E  EXCEPTION 
X  DELETE 

(EXPLAIN  D,  E  &  X) 
ACTION  BY 


10.  7-2  Brief  description  on  ECO  would  be  beneficial  at  this 

point. 


VOLUME  II 
ii.c-3 


Building  5900  chiller  4  should  be  listed  as  a  450  ton 
chiller. 


IXECUUVLSSffllH  summary  should  have  included  recommendation 

concerning  the  CFC  Issue.  The  base  has  a  large  number  of 
chiller* that  would  be  effected  by  CFC  legislation. 
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Confirmation  No.  4  EMC  #3002.000 

DATE:  19  August  1991 

PROJECT:  Energy  Survey  of  Central  Plants,  Ft.  Sill,  Oklahoma 

CONTRACT  NO.:  DACA56-90-C-0087 

NOTES 

PREPARED  BY:  Carl  Lundstrom 

EMC  Engineers,  Inc. 

DATE  OF 

CONFERENCE:  15  August  1991 

PLACE  OF 

CONFERENCE:  Tulsa  District  Resident  Engineer's  Office 

SUBJECT:  Interim  Review  Conference  Presentation  and  Comments  Review 

ATTENDEES:  W.  Wayne  Kiser,  DEH  (405)  351-5708 

Merle  London,  Tulsa  District  COE  (918)  581-7991 

Carl  E.  Lundstrom,  EMC  Engineers,  Inc.  (404)  952-3697 

Gene  Paulsgrove,  DEH  Master  Planning  (405)  351-5708 

Kenneth  Rogers,  DEH  (405)  351-5910 

Serge  Saltiel,  DEH  (405)  351-5708 

Jerry  Schmidt,  DEH  Engr.  Design  (405)  351-4250 

Carl  Swenson,  EMC  Engineers  (303)  988-2951 

The  following  is  a  summary  of  the  items  discussed,  the  comments  made,  and  the  decisions 
made  during  the  Conference: 

1.  Mr.  London  made  introductions  and  passed  roster  to  attendees. 

2.  Mr.  Lundstrom  made  a  presentation  of  the  Interim  Submittal: 

•  Survey  Findings. 

•  ECO  Analysis. 

•  Conclusions  and  Recommendations. 

Based  on  the  discussion  of  the  presentation,  the  following  items  were  concluded  and  project 

direction  was  determined: 


CONFIRMATION  NO.  4 
19  August  1991 
Page  2 

•  Review  electrical  rates  to  verify  electric  demand  rate  charges. 

.  ECO  3,  Central  Plant  914,  repair  chiller  to  increase  efficiency:  This  ECO  has 
been  done  under  warranty  service. 

.  ECO  4,  Central  Plant  914,  ice  storage:  This  ECO  was  rejected;  savings  are 
marginal. 

.  ECO  3,  Central  Plant  2812,  replace  chiller:  This  ECO  was  not  economically 
justified  as  a  replacement  project.  To  repair  the  existing  chiller  is  not  an 
acceptable  alternative. 

.  ECO  17,  Central  Plants  730  and  2812,  electric  water  heaters:  This  ECO  was 
rejected,  because  Ft.  Sill  does  not  want  to  do  any  projects  which  may  increase 
the  Fort's  overall  summer  electrical  demand. 

•  ECO  3,  Central  Plant  4701,  replace  chiller:  This  ECO  was  not  economically 
justified  as  a  replacement  project.  To  repair  the  existing  chillers  is  not  an 
acceptable  alternative. 

•  ECO  4,  Central  Plant  4701,  ice  storage:  This  ECO  was  rejected  because  of 
marginal  savings. 

.  RDF  boiler.  Central  Plant  5900:  This  special  project  to  update  a  previous  study 
was  rejected  because  of  current  refuse  quantities  and  operation  of  the  plant. 

•  ECO  9,  Central  Plant  5900,  replace  boilers:  This  ECO  will  be  investigated  in 
place  of  the  proposed  repair  project. 

.  ECO  12,  Central  Plant  5900,  stack  economizers:  This  ECO  was  rejected  because 
or  the  potential  increase  in  manpower  to  support  operations. 

.  Central  Plant  3442,  service  extension  to  provide  cooling  to  Buildings  2470  and 
2471:  This  special  project  is  not  required  because  these  two  buildings  have  new 
chiller  equipment. 

•  ECO  6,  high  efficiency  motors,  all  plants:  In  place  of  further  analysis,  it  should 
be  noted  that  high  efficiency  motors  should  be  installed  if  replacements  are 
justified. 

.  ECO  10,  boiler  combustion  controls,  all  plants:  No  further  analysis  or 
consideration  is  required,  because  of  the  concern  regarding  the  marginal  savings 
and  high  maintenance  requirements. 
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3.  The  Ft.  Sill  DEH  engineers  conferred  as  to  proposed  ECOs  to  develop  into  projects  for 
the  final  submittal. 

Based  on  their  discussion,  the  following  projects  were  developed: 

Project  A: 

Boiler  and  chiller  controls  project  (ECOs  1,  2,  7,  and  8)  for  Central  Plants  730, 
914,  2812,  3442,  5676,  5678,  5900,  and  6003.  The  control  project  is  to  be  a  stand¬ 
alone  project,  and  the  savings  or  costs  should  not  assume  an  EMCS  exists. 

Project  B: 

Central  heating  plant  replacement  project  at  Central  Plant  5900,  boilers  1  and  2, 
and  Central  Plant  2812,  boilers  1  and  2. 

Project  C: 

One  new  central  plant  to  provide  heating  and  cooling  to  both  Buildings  5676 
and  5678. 

In  preparing  the  final  analysis,  Ft.  Sill  DEH  engineers  requested  the  energy  analysis  be 
based  on  the  assumption  the  EMCS  was  not  installed.  Mr.  Lundstrom  agreed  to  use 
non-EMCS  loads  to  prepare  the  final  analysis.  The  Ft.  Sill  DEH  engineers  asked  that 
the  computer  input  for  the  final  project  energy  analysis  be  included  with  the  final 
report.  Mr.  Lundstrom  agreed  to  provide  this  information. 

4.  Additional  analysis  comparison: 

•  Compare  central  heating  plant  at  3442,  to  individual  boilers  at  each  building. 
Consider  plant  to  also  serve  Buddings  2470  and  2471.  Do  not  consider  using 
chilled  water  lines  for  distribution  from  heating  plant. 


If  any  portion  of  this  Confirmation  Notice  is  incorrect,  please  notify  us  immediately.  If 
correspondence  is  not  received  to  the  contrary  within  10  days,  it  will  be  assumed  that  the 
decisions  and  conclusions,  and  status  outlined  in  this  Confirmation  Notice  is  correct. 
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Conformation  No.  5 


DATE: 


EMC  #3002.000 


10  September  1991 

Energy  Survey  of  Army  Boiler  and  Chiller  Plants  Ft.  Sill,  Oklahoma 


PROJECT:  Energy  burvey  or  army  uu 

CONTRACT  No.  DACA  56-90-C-0087 

NOTICE  .  , 

PREPARED  BY:  Kamchornvutht  Chulavalr 

EMC  Engineers,  Inc. 

DATE  OF 

CONFERENCE:  6  September  1991 


CONFERENCE:  Public  Work  Center,  Mr.  Howard  Hovi,  oflice.  Ft  Sill.  Oklahoma 


SUBJECT:  To  discus,  central  planks  co.Urol  strategy  and  projects  Id  be  evaluated  in 

the  study 

ATI  FNDEES-  W.  Wayne  Keiser,  DEI  I,  Ft.  Sill  (405)  351-5708 

ATTENDELS.  W  ^  R  g.,,  {4()5)  351.5708 

Jerry  Sclrnridl,  DEH.  Ft  Sill,  (4(6)  351-4^MI 
Howard  Hovis,  PWC,  FI.  Sill,  (405)  351-3608/5341 
Kamchornvulhl  Chulavalr,  E  M  C  Engineers,  Inc.,  (404)  952-3697 

The  following  is  a  summary  of  .he  Hems  discussed,  .he  commenls  made,  and  .he  decision, 
made  during  the  conference. 

The  control  and  moni.oring  poin.s  lor  central  plants  will  include  .he  following: 


Boiler 


Natural  gas  line  pressure  before  and  after  the  regulator 
Flow  and  accumulative  of  the  make-up  water 
Boiler  stack  temperature  and  O, 

Boilers  alarm 

Pumps  start/slop  and  status 

Supply  and  return  water  temperatures 

Flnw  of  the  supply  steam  and  hot  water 

Supply  pressure  for  steam  and  nitrogen  In  the  expans  on  an 

high  temperature  hot  water 
LEDs  display 
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Chiller 

Pumps  slart/stop  and  status 

- 

Supply  and  return  chilled  water  and  condenser  water 

temperatures 

- 

Plow  of  the  chilled  water 

- 

Chiller  slart/stop  and  status 

- 

Cooling  lowers  slart/stop  and  status 

- 

•  Chiller  kW  consumption 

LEDs  display 

Projects  lo  be  evaluated  are: 

•  Project  I.  -  Control  project  for  central  plant  730,  5900,  and  6003. 

•  Project  2.  -  Central  plant  project  and  control  project  for  building  5676  and  5678. 

•  Project  3.  -  Replace  boiler  number  1  and  2  in  central  plant  2812  and  5900. 

•  Project  4.  -  Replace  a  chiller  in  central  plant  2812  with  the  small  higher  efficiency 

chiller. 

•  Project  5.  -  Compare  local  hot  water  boiler  in  each  barracks  versus  central 

healing  plant  project  for  3442. 


The  following  are  result  of  general  item  discussed: 

•  The  control  project  will  include  the  fiber  optics  DIM  cost  from  the  central  pant 
to  RVAC  shop,  building  1950. 

•  There  will  not  be  any  new  control  projects  for  central  plant  914,  2812,  and 
cooling  plant  3442. 

•  The  central  computer  for  the  control  project  will  be  an  existing  PC  located  in  the 
RVAC  shop,  and,  if  possible,  use  existing  software. 


Kamchornvuthi  Chulavalr 


If  any  portion  of  this  conformation  notice  is  incorrect,  please  notify  us  immediately.  If 
correspondence  is  not  received  to  the  contrary  within  14  days,  it  will  be  assumed  that  the 
decisions  and  conclusions,  and  status  outlined  in  this  notice  are  correct. 
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EMC#  3002.000 


DATE: 


9  March  1992 


PROJECT: 
CONTRACT  NO: 


Energy  Survey  of  Army  Boiler  and  Chiller  Plants 

Ft.  Sill,  Oklahoma 

DACA56-90-C-0087 


NOTES 

PREPARED  BY:  Carl  E.  Lundstrom 

EMC  Engineers,  Inc. 


DATE  OF 

CONFERENCE:  5  March  1992 


PLACE  OF 
CONFERENCE: 

SUBJECT: 

ATTENDEES: 


Mr.  Kiser's  Office,  Dept,  of  Public  Works 
Ft.  Sill,  OK 

To  discuss  results  of  the  Prefinal  report. 


^arl  Lundstrom,  EMC  Engineers,  Inc.  (404)  952-3697 

VIerle  London,  Tulsa  District  COE  (918)-581-7991 

[errv  Schmidt,  Ft.  Sill  DPW,  Engineering  Design  (405)-351-4250 

Howard  Hovis,  Ft.  Sill  DPW,  Chief  FMD,  (405)  351-3608 

Cene  Paulsgrove,  Ft.  Sill  DPW,  Planning,  (405)  351-5708 

W  Wavne  Kiser,  Ft.  Sill  DPW,  Chief  Engineering  Division,  (405)  351-5708 


The  following  is  a  summary  of  the  items  discussed,  the  comments  made,  and  the  decisions 
made  during  the  conference: 


1.  Mr.  Lundstrom  explained  EMC  finished  and  submitted  the  Prefinal  report  in 
October  1991. 

2.  Mr.  Lundstrom  reviewed  the  results  of  the  evaluation  of  the  five  projects  developed 
from  the  Interim  Submittal. 

3  Mr.  Lundstrom  went  over  the  review  comments  made  by  Jerry  Schmidt.  Mr.  Lundstrom 
confirmed  he  would  make  the  following  revisions  to  the  fmal  submittal: 

o  Distribution  losses  for  chilled  water  lines  will  be  included  in  the  project  energy 
calculations  for  Central  Plants  6003  and  5900. 
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Project  2:  (Central  Plants  5676  and  5678)  will  be  reviewed  as  a  heating  plant 
replacement  project  only,  with  the  idea  of  chiller  plant  replacement  in  the  future. 

Comments  regarding  Project  4  are  not  applicable,  since  the  chiller  is  being 
replaced  under  a  current  construction  project. 


( 


)  (K 


Carl  E.  Lundstrom, 


If  any  portion  of  this  confirmation  notice  is  incorrect,  please  notify  us  immediately.  If 
correspondence  is  not  received  to  the  contrary  within  14  days,  it  will  be  assumed  that  the 
decisions  and  conclusions,  and  status  outlined  in  this  confirmation  notice  are  correct. 
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VOLUME  1 

1,  3-2  The  distribution  loss  for  the  area  served  by  the  central 

plant  in  building  5900  and  6003  have  been  more  than 
negligible.  The  heat  loss  from  the  super  heated  hot  water 
and  steam  distribution  systems  have  caused  sufficient 
ground  heating  to  damaged  some  of  the  chilled  water 
piping;  by  causing  ovaling,  blistering  and  collapse  of 
the  plastic  chilled  water  piping.  If  the  ground  heat  was 
sufficient  to  cause  damage  to  plastic  piping  systems  then 
it  stands  to  reason  that  the  losses  are  more  than 
negl igible . 


2.  Section  6,  paragraph  6.2.1 

The  Central  Plant  at  building  730  has  three  CHILLERS,  two 
300  tons  and  one  800  tons.  Chiller  Optimization  should 
utilize  all  three  chillers.  For  low  load  conditions  of  0 
to  300  tons,  one  300  tons  chiller.  Medium  load  of  300  to 
600  tons,  two  300  tons  chillers.  High  load  of  600  to  800 
tons,  one  800  tons  chiller.  Peak  load  of  800  tons  and 
above,  one  800  tons  and  one  300  tons  chillers.  This 
strategy  will  have  the  chillers  operating  at  70  to  80 
percent  of  there  peak  capacity  (the  most  economical 
portion  of  there  efficiency  curve)  the  majority  of  there 
operating  time. 


3.  Section  8,  paragraph  8.1.2 

The  difference  in  cost  of  a  central  plant  and  replacing 
the  existing  equipment  is  what  should  be  compared. 


VOLUME  II 

4 1  c-3  (Reference  Review  Comment  number  11  dated  8  July  1991.) 

Building  5900  chiller  4  should  be  listed  as  a  450  ton 
chiller . 


A 


A 


X 


A 


VOLUME  III 

5.  J.1.8  The  drawing  indicates  that  there  may  be  adequate  space  in 
the  existing  mechanical  room  for  the  heating  and  cooling 
equipment ,  if  one  chiller  is  used,  thus  eliminated  the 
need  for  the  addition  to  the  building. 
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If  the  scope  is  reduced  from  two  chillers  to  one  chiller 
and  eliminating  the  addition  to  the  building  the  project 
bare  cost  could  be  reduces  approximately  $200,000. 
(Building  addition  $120,000  Chiller  $80,000) 


7.  L.1.4  If  the  chiller  sizing  is  based  on  the  combined  load  of  the 

connected  buildings  (Reference  Volume  II  page  B-5)  305.7 
Tons  and  a  diversity  factor  of  0.B5  used  the  chiller  size 
should  be  260  Tons.  This  down  sizing  of  the  chiller  from 
342  Tons  to  260  Tons  should  increase  the  energy  savings 
and  lower  the  cost  of  the  chiller  without  altering  the 
comfort  level  in  the  buildings. 


I’  A  OF  2  of  .  2. 
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PROJECT  1  -  CONTROL  PROJECT  FOR  CENTRAL  PLANTS  730,  5900,  AND  6003 


APPENDIX  LI  -  PROJECT  ANALYSIS 
APPENDIX  1.2  -  PC-CUBE  BASERUN 
APPENDIX  1.3  -  PC-CUBE  ECO  RUN 


APPENDIX  LI 


PROJECT  ANALYSIS 


ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  730,  5900,  AND  6003 

ENERGY  CONSERVATION  OPPORTUNITY:  PROJECT  1 

SYSTEM  MODIFICATION:  INSTALL  AN  AUTOMATED  CONTROL  SYSTEM 
SYSTEMS  TO  MODIFY:  BOILERS,  CHILLERS,  COOLING  TOWERS,  AND  PUMPS 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
Project  1 ,  install  automated  control  system  in  central  plant  730, 5900,  and  6003. 
me  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated,  me  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation,  me  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

E 

lectric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Enerav(kWh) 

Baseline 

3,206 

8.188,208 

149,090 

177,036  1 

ECO 

1  3,042 

6,681 ,000 

141,408 

164,210 

Savinas  (Baseline -ECQL 

164 

1.507.208 

7.682 

12.826 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 


Electricity: 

5144  MMBtu/Yr  X 

$4.0141  /MMBtu  = 

$20,649 

per  year 

Nat.  Gas: 

7682  MMBtu/Yr  X 

$2.92 /MMBtu  = 

$22,431 

per  year 

Total  Energy  Cost  Savings: 

$20,649  + 

$22,431 

$43,080 

per  year 

NON-ENERGY  SAVINGS  (+),  COST  (-): 

Demand: 

164  kW/month  X 

$1,787  /kW  X 

12 

months/year 

=  (+) 

$3,517  per  year 

Maintenance: 

=  (-) 

$27,000  per  year 

Total: 

$3,517 

$27,000 

= 

($23,483)per  year 

[BCO-SHT2.WP] 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  PROJECT1 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.062 

INSTALLATION  &  LOCATION:  FT.  SILL,  OK  REGION  NOS.  6  CENSUS:  3 
PROJECT  NO.  &  TITLE:  3002-000  CENTRAL  PLANT  CONTROLS 

FISCAL  YEAR  1992  DISCRETE  PORTION  NAME:  AUTOMATED  CONTROL  CENTRAL  PLANTS 
ANALYSIS  DATE:  04-07-92  ECONOMIC  LIFE  15  YEARS  PREPARED  BY:  KC 


1.  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  SALVAGE  VALUE  COST 

E.  TOTAL  INVESTMENT  ( 1A  +  IB  +  1C  -  ID) 


$  576814. 

$  31725. 

$  34609. 

-$  0. 

$  643148. 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU ( 1 ) 

MBTU/YR(2) 

SAVINGS (3) 

FACTOR ( 4 ) 

SAVINGS ( 5 ) 

A.  ELECT 

$  4.01 

5144. 

$ 

20648. 

11.11 

229399 

B.  DIST 

$  .00 

0. 

$ 

0. 

14.26 

0 

C.  RESID 

$  .00 

0. 

$ 

0. 

16.89 

0 

D.  NAT  G 

$  2.92 

7682. 

$ 

22431. 

14.45 

324134 

E .  COAL 

$  .00 

0. 

$ 

0. 

11.21 

0 

F.  TOTAL 

12826. 

$ 

43079. 

$ 

553534 

NON  ENERGY  SAVINGS (+)  /  COST(-) 

A.  ANNUAL 

RECURRING 

(+/-) 

$ 

-23483 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

10 . 59 

(2)  DISCOUNTED 

SAVING/COST  ( 3A 

X 

3A1) 

$ 

—248685 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+) /COST (-) (3A2+3Bd4) $  -248685. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  182666. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F) _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YRS  ECONOMIC  LIFE))$  19596. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  304849. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  .47 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  32.82 
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1.1.4 


DATE  PREPARED 

23  — Sep  -91 

SHT  OF 

CHECKED  BY  CEL 

ONIddIHS 

Total 

Wt 

Unit 

Wt 

EFFECTIVE  PRICING 

DATE  APR.  91 

DRAWING  NO. 

ESTIMATOR  KC 

TOTAL 

CO 

O 

o 

$504 

$2,304 

$2,883 

$698 

$15,284 

o 

CO 

<3 

$1,449 

$2,985 

$484 

$15,556 

o 

CO 

o 

$1,080 

$46,395 

$7,423 

$4,640 

$58,458 

$11,692 

$70,150 

$3,858 

CO 

o 

o 

Is* 

</> 

MATERIAL 

Cost 

9S9 

CO 

CVJ 

CO 

1,592 

2,292 

452 

13,932 

615 

CO 

CO 

CO 

2,769 

148 

14,724 

38,396 

6,143 

3,840 

48,379 

9,676 

58,055 

3,193 

CO 

CM 

5 

INVITATION  NO./CONTRACT  NO. 

DAC A  59  - 90  -  C  - 0087 

Unit 

Price 

328 

CO 

OJ 

CO 

398 

764 

226 

3,483 

205 

296 

2,769 

37  J 

3,681 

. 

O 

Ui 

Q 

O 

O 

EQUIPMENT 

Cost 

X  |  CODE  B|  | 

OTHER 

Unit 

Price 

CODE  A 

LABOR 

Cost 

352 

176 

712 

f6S 

246 

1352 

465 

561 

216 

336 

CM 

CO 

CO 

o 

CO 

o 

o 

CO 

o 

$7,999 

$1 ,280 

o 

o 

CO 

V* 

$10,079 

$2,016 

$12,095 

$665 

$12,760 

Unit 

Price 

CO 

176 

178 

197 

123 

338 

155 

187 

216 

84 

GO 

O 

CM 

270 

o 

r- 

CM 

COST  ESTIMATE  ANALYSIS 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER 

LOCATION  FT.  SILL,  OKLAHOMA 

Total 

Hrs 

MH/ 

Unit 

Quantity 

Unit 

Meas 

LS 

LS 

LS 

LS 

LS 

LS 

2 

LS 

LS 

LS 

LS 

< 

ID 

EA 

TOTAL  THIS  SHEET 

No.  Of 

Units 

CM 

t— 

CO 

CVJ 

CO 

CO 

16% 

10% 

20% 

5.5% 

BLDG.  730 

TASK  DESCRIPTION 

INSTRUMENTATION  FOR  BOILERS  (4) 

HWS/R  TEMPERATURE  SENSOR 

SUPPLY  STM  TEMP  SENSOR 

STACK  TEMPERATURE  SENSOR 

INSERT.  FLOW  METER 

HWP  ST/SP 

STACK  OXYGEN  SENSOR 

DP  (LIQUID)  PUMP  STATUS 

|  LIQUID  (AND  GAS)  PRESSURE  SENSOR 

GAS  METER 

HIGH  LIMIT  ALARM 

FID  PANEL  &  ACCESSORIES 

FID  SOFTWARE  COMMISSIONING 

FID  TESTING 

1  SUBTOTAL 

1  OVERHEAD,  BOND 

1  PROFIT 

COST  SUB -TOTAL 

CONTINGENCY 

I  SUBTOTAL 

S&A 

1.1.5 


DA  FORM  541 8-R,  APR  85 


DATE  PREPARED 

21 -Sep -91 

SHT  OF 

CHECKED  BY  CEL 

< 3 

Total 

Wt 

NlddlHS 

Unit 

Wt 

i 

EFFECTIVE  PRICING 

DATE  APR.  91 

DRAWING  NO. 

KC 

TOTAL  1 

$3,528 

$5,040 

$961 

$1,746 

$1,746 

$3,600 

$1,746 

o 

LO 

CM 

40 

§ 

CO 

CO* 

4* 

8 

CM 

4* 

$1,746 

o 

8 

CO* 

40 

8  \ 
O)  M 
4 

4* 

$19,445 

$1 ,350 

o 

m 

co 

** 

$53,673 

$8,588 

N. 

8 

in 

$67,628 

$13,526 

$81,154 

$4,463 

s 

w* 

CO 

40 

ESTIMATOR 

_ i 

3 

Cost 

2296.00 

8 

8 

CM 

CO 

764.00 

8 

8 

r- 

oo  oeu 

2050.00 

o 

o 

8 

685.00 

2790.00 

685.00 

1130.00 

1870.00 

8  % 
6  LI 

in  c 
CO  * 

8 

8 

S 

o 

CO 

CO 

oo” 

CO 

4* 

si 

s 

$3,888 

o> 

8 

CO 

4 

8 

Is- 

a> 

Is- 

CO 

h- 

co* 

in 

40 

$3,233 

|  $62,020 

INVITATION  NO./CONTRACT  NO. 

DACA  59 -90 -C -0087 

CL 

Ui 

h- 

< 

2 

Unit 

Price 

s 

CO 

CM 

CO 

328.00  1 

764.00  | 

"i 

CO 

CM 

CM 

226.00  1 

205.00  I 

226.00 

137.00 

558.00 

137.00 

226.00 

374.00 

270.00 

Of  .LMJ 

3681 .00 

O 

LU 

Q 

o 

O 

EQUIPMENT 

us 

o 

O 

X  CODE  b| 

OTHER 

Unit 

Price 

< 

Ui 

o 

o 

o 

LABOR  | 

Cost 

1232 

1760  | 

197  | 

616  | 

616  I 

1550  | 

616 

565  1 

Q 

M- 

LO 

565  1 

616 

1130 

8  i 

CO 

1040 

8 

CO 

1350 

CO 

O) 

rt 

$2,367 

$1,479 

$18,639 

$3,728 

1  $22,367 

8 

Is* 

<5 

in 

CO* 

CM 

4* 

1 

Unit 

Price 

176 

176 

197 

123  1 

CO 

CM 

155 

123 

113  1 

108 

113 

123 

8 

CM 

8  ; 

r- 

S  8 

CM 

o 

CM 

270 

"1 

COST  ESTIMATE  ANALYSIS 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER 

LOCATION  FT.  SILL,  OKLAHOMA 

Total 

Hrs 

MH/ 

Unit 

Quantity  1 

Unit 

Meas 

53 

<3 

53 

53 

53 

53 

53 

53 

53 

53 

53 

53 

53 

53  53 

2 

< 

Ui 

No.  Of 

Units 

O 

LO 

LO 

O 

lO 

in 

lO 

in 

lO 

LO 

in 

in  m 

in 

in 

16% 

10% 

# 

8 

in 

in 

BLDG.  5900  ! 

j _ 

1  TASK  DESCRIPTION  1 

INSTRUMENTATION  FOR  CHILLERS  (51 

CWS/R  TEMPERATURE  SENSOR 

CNWS/R  TEMPERATURE  SENSOR 

INSERT.  FLOW  METER  ! 

f  CWP  ST/SP  ! 

CNWP  ST/SP  1 

Cfl 

£ 

CO 

CL 

5 

3 

Q. 

s 

3 

Q 

CL 

O 

COOLING  TOWER  ST/SP 

COOLING  TOWER  ST/SP  STATUS 

CW  TEMP  CONTROL 

CHILLER  STATUS 

CHILLER  ST/SP 

kW  TRANSDUCER 

CURRENT  TRANSDUCER 

ALARM 

FID  PANEL  &  ACCESSORIES 

FID  SOFTWARE  COMMISSIONING 

FID  TESTING 

SUBTOTAL 

O 

Z 

s 

§ 

Ui 

X 

CL 

UJ 

O 

PROFIT 

COST SUB-TOTAL 

CONTINGENCY 

SUBTOTAL 

S&A 

Is 

UJ 

X 

(0 

! 

o 

1.1.6 


DA  FORM 


DATE  PREPARED 

23— Sep  -91 

SHT  OF 

CHECKED  BY  CEL 

SHIPPING 

Total 

Wt 

Unit 

Wt 

EFFECTIVE  PRICING 

DATE  APR.  91 

DRAWING  NO. 

ESTIMATOR  KC 

TOTAL 

$1,512 

$3,456 

$1,922 

$3,841 

$22,926 

$3,960 

$1 ,932 

$2,985 

$726 

$23,334 

o 

CM 

© 

o 

CM 

© 

|  $69,834 

$11,173 

|  $6,983 

i  $87,991 

$17,598 

$105,589 

$5,807 

N 

© 

©^ 

MATERIAL 

Cost 

Tl- 

CD 

0> 

2,388  | 

© 

CM 

l/> 

2,486  1 

© 

0) 

© 

o 

CM 

2,255 

© 

2,769 

ZZZ 

22,086 

!  56,800 

© 

© 

o 

0> 

5,680 

71 ,568 

14,314 

85,882 

4,723 

© 

o 

© 

o 

© 

INVITATION  NO./CONTRACT  NO. 

DACA  59  -90  -  C  -0087 

Unit 

Price 

328 

398  | 

764  1 

226  | 

© 

© 

CO 

205 

296  | 

2,769  1 

© 

3,681 

CODE  C 

EQUIPMENT  I 

Cost 

x  codeb|  1 

OTHER 

Unit 

Price 

CODE A[ 

LABOR 

Cost 

528 

© 

© 

o 

394  | 

1355  | 

2028  1 

1705 

.  748  | 

© 

CM 

504  1 

© 

't 

CM 

1620 

1620 

$13,034 

$2,085 

$1,303 

!  $16,423 

$3,285 

$19,708 

|  $1,084 

CM 

© 

r^ 

o 

CM 

</> 

□ 

_ 

Unit 

Price 

176 

178  | 

197  | 

123 

338  | 

155  1 

187 

216  | 

s 

© 

O 

CM 

270 

o 

n 

CM 

COST  ESTIMATE  ANALYSIS 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER 

LOCATION  FT.  SILL,  OKLAHOMA 

Total 

Hrs 

MH/ 

Unit 

Quantity  1 

Unit 

Meas 

53 

53 

53 

53 

53 

53 

53 

53 

53 

53 

EA 

EA  | 

No.  Of 

Units 

CO 

© 

CM 

- 

© 

© 

© 

© 

© 

1  16% 

10% 

o 

CM 

1  5.5% 

BLDG.  5900  1 

TASK  DESCRIPTION  ' 

INSTRUMENTATION  FOR  BOILERS  (6) 

HWS/R  TEMPERATURE  SENSOR 

STACK  TEMPERATURE  SENSOR 

INSERT.  FLOW  METER 

HWP  ST/SP 

STACK  OXYGEN  SENSOR 

DP  (LIQUID)  PUMP  STATUS 

LIQUID  (AND  GAS)  PRESSURE  SENSOR 

GAS  METER 

HIGH  LIMIT  ALARM  1 

FID  PANEL  &  ACCESSORIES  1 

FID  SOFTWARE  COMMISSIONING 

FID  TESTING 

SUBTOTAL 

OVERHEAD,  BOND 

lldOUd 

COST  SUB -TOTAL 

CONTINGENCY 

SUBTOTAL 

S&A 

h 

UJ 

LU 

X 

M 

3 

X 

h 

-J 

H 

0 

H 

1.1.7 


DA  FORM  541 8-R,  APR  85 
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1.1.8 


DATE  PREPARED 

23-Sop -91 

SHT  OF 

CHECKED  BY  CEL 

SHIPPING 

Total 

Wt 

Unit 

Wt 

EFFECTIVE  PRICING 

DATE  APR.  91 

DRAWING  NO. 

ESTIMATOR  KC 

TOTAL 

$504 

© 

OJ 

h- 

$1,922 

$1 1 ,463 

$360 

$1,449 

$2,985 

$363 

$11,667 

$810 

$810 

!  $34,061 

|  $5,450 

$3,406 

$42,917 

]  $8,583 

$51,500 

$2,833 

$54,333 

MATERIAL 

Cost 

© 

CM 

CO 

1,194 

1 ,528  1 

10,449 

io 

o 

CM 

898 

2,769 

- 

11,043 

28,515 

4,562 

2,852 

35,929 

!  7,186 

43,115 

2,371 

45,486 

INVITATION  NO./CONTRACT  NO. 

DACA  59 -90 -C -0087 

Unit 

Price 

328  | 

© 

o> 

© 

764 

3,483 

205  1 

296 

O) 

© 

CM* 

© 

3,681 

CODE  C 

EQUIPMENT 

Cost 

□ 

GQ 

UJ 

Q 

O 

O 

^1 

OTHER 

Unit 

Price 

CODE  A 

LABOR 

Cost 

176  | 

534 

394 

1014 

155  | 

561 

© 

CM 

252  | 

624 

o 

© 

810 

j  $5,546 

$887 

$555 

i  $6,988 

$1 ,398 

$8,386 

$461 

«  $8,847 

Unit 

Price 

176  1 

178 

197 

338 

155  | 

187 

216 

84 

208  | 

270 

270 

COST  ESTIMATE  ANALYSIS 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER 

LOCATION  FT.  SILL,  OKLAHOMA 

Total 

Hrs 

MH/ 

Unit 

! 

Quantity  1 

Unit 

Meas 

LS  | 

LS 

LS  1 

LS 

LS 

LS 

LS  1 

LS  | 

3 

EA 

EA 

H 

Li 

u 

1 

2 

1 

F 

< 

F 

f 

No.  Of 

Units 

Y— 

© 

CM 

© 

© 

© 

© 

© 

© 

16% 

|  10% 

20% 

\  5.5% 

BLDG.  6003 

TASK  DESCRIPTION 

INSTRUMENTATION  FOR  BOILERS  (3) 

SUPPLY  STM  TEMPERATURE  SENSOR  ! 

STACK  TEMPERATURE  SENSOR 

INSERT.  FLOW  METER  1 

STACK  OXYGEN  SENSOR 

DP  (LIQUID)  PUMP  STATUS 

LIQUID  (AND  GAS)  PRESSURE  SENSOR 

GAS  METER  j 

HIGH  LIMIT  ALARM  1 

FID  PANEL  &  ACCESSORIES  ! 

FID  SOFTWARE  COMMISSIONING 

FID  TESTING  ! 

SUBTOTAL 

OVERHEAD,  BOND 

PROFIT 

COST  SUB -TOTAL 

CONTINGENCY 

SUBTOTAL 

S&A 

1.1.9 


DA  FORM  541 8-R,  APR  85 
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f— 
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HI2EEB0E100000 


SYMBOLS  LEGEND 


ALARM  CONTACT  SIGNAL 
FLOW  INDICATION 
PRESSURE  INDICATION 
METER 

ON-OFF  STATUS  SIGNAL 
DIFFERENTIAL  PRESSURE  SWITCH 
START-UP  INTERFACE 
TEMPERATURE  INDICATION 
FLUE  GAS  ANALYSIS,  OXYGEN 
KILOWATT  METER 
EXISTING- TO-NEW 


CWP-5 


CHILLER-5 

CONDENSER 

[compressor 


EVAPORATOR 


i — 

CHILLER -4 

_ 

r 

L_ 

u 

CONDENSER 

■ 

CWP  — 4/ 

COMPRESSOR 

- 

ifn 

EVAPORATOR 

CWP-2 


CHILLER-3 

l_ 

CONDENSER 

5 

CWP-3X — 

COMPRESSOR  — 

1©  m 

EVAPORATOR 

igjjuai 

CHILLER -2 

CONDENSER 

COMPRESSOR 

EVAPORATOR 


CHILLER-1 


CONDENSER 


COMPRESSOR 


EVAPORATOR 


pq 

mail 


pq 

Ibhi 


pq 

IbbI 


(2) 

A  A"A 

HIGH-LOW/ 

\cooling/ 

S  f 

\  TOWER  / 

s  o 

\  5  / 

' — DP — ' 

(2) 

'  A  A7\ 

HIGH-LOW  t 

A  COOLING  J 

s  f 

\  TOWER  / 

cnwp-aUJ  0 

w 

-  — cxi-  ■ 

-hJ- 

L-opJ 

(2) 

'  A  A7\ 

HIGH-LOW/ 

A  COOLING, 

S  f 

\  TOWER  / 

CNWP-3  5  0 

YU 

(2) 

'  A  7\7\ 

HIGH-LOW  j 

A  COOLING, 

S  t 

\  TOWER  / 

CNWP-2H] 

YU 

-Jr 

(1) 

"  A  A~A 

HIGH-LOW. 

Acooling 

s  / 

\ TOWER  I 

CNWP-1.S  0 

YU 

CWR  CWS 


CHILLER  PLANT  5900  SERVES  BUILDINGS: 
6007.  6050.  5355,  5960.  5970. 


1.1.14 


1.1.15 


- CNW 

-  CW 


CHILLER  PLANT  6003  SERVES  BUILDINGS: 
6002-6004.  6009-6015.  6017.  6018.  6120.  6080 


4*-  — 


/CONDENSATE) 
V  TANK  ) 


mQa 


BOILER-1 


CONDENSATE  I 
RETURN  | 

s - * 


STEAM  SUPPLY 


FTP 


BOILER- 3 


MAKE-UP 

WATER 


NATURAL  GAS 
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BOILER  PLANT  6003  SERVES  BUILDINGS: 
6002-6004,  6009-6015,  6017,  6018,  6120,  6080. 
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iT  COMMAND  O  -  ON  (OPEN) 

Rvalue  f  -  off  (closed) 


I/O  SUMMARY  TABLE 
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LAST  COMMAND  O  -  ON  (OPEN) 

HIGH  VALUE  F  -  OFF  (CLOSED) 

LOW  VALUE  N  -  LOCAL  LOOP 
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Building  No.  5900 

SYSTEM  (S) 

CENTRAL  COOLING  PLANT 

System  No. 

OCCUPANCY  TIME 

GRAPHIC  DISPLAY  • 

POINT  DESCRIPTION 

WATER  COOLED  CHILLER  (5) 

CHILLER  (5) 

CW  PUMP  (5) 

CNWPUMP  (5) 

CW  SUPPLY  (5) 

CW  RETURN  (1) 

COOLING  TOWER  FAN  (10) 

CNW  SUPPLY  (5) 

CNW  RETURN  (5) 

CHILLER  SAFETY  ALARMS  (5) 

POWER  (5) 

PHASE  A  (5) 

PLANT 

CW  SUPPLY 

CW  RETURN 
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LAST  COMMAND  O  -  ON  (OPEN) 

HIGH  VALUE  F  -  OFF  (CLOSED) 

LOW  VALUE  N  -  LOCAL  LOOP 
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1.1.23 


LAST  COMMAND  0  -  ON  (OPEN) 

HIGH  VALUE  F  -  OFF  (CLOSED) 

LOW  VALUE  N  -  LOCAL  LOOP 


APPENDIX  1.2 


PC-CUBE  BASERUN 


1.2.1 


CENTRAL  PLANT  730 


1.2.2 


PC -CUBE  VERSION  2.0.3 

CENTAL  PAL NT  730  BASELINE- 1 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  SEASONS 


NUMBER  OF  SYSTEMS  1 
DIFFERENT  TYPE  GENERATORS  0 
DIFFERENT  TYPE  CHILLERS  1 
DIFFERENT  TYPE  BOILERS  OR  HEATERS  3 
NATURAL  GAS  HIGHER  HEATING  VALUE  1000. 
NATURAL  GAS  LOWER  HEATING  VALUE  951. 
AUXILIARY  FUEL 

AUXILIARY  FUEL  HEATING  VALUE  1. 
KILOWATT  DEMAND  BILLING  BASIS  (MINUTES)  15 
DEMAND  FACTOR*  (TIMES  HOURLY  KILOWATT  AVERAGE)  1.00 


PAGE  NO.  1 


GENERATOR 

CHILLER 

PERCENTAGE 

DIRECT  FIRED 

STEAM 

SYSTEM 

OPERATION 

OPERATION 

PROCESS  HEAT 

PROCESS  HEAT 

AF 

PROC 

TURB 

ID 

SCHEDULE 

SCHEDULE 

DIRECT  FIRED 

EFFICIENCY 

KEY 

KEY 

KEY 

AUX  FUEL  DESCRIPTION 

Cl 

0 

1 

0. 

100. 

0 

0 

0 

CHILLER  IDENTIFICATION  NUMBERS 

Cl  1000000000 

BOILER/HEATER  IDENTIFICATION  NUMBERS 

Cl  1230000000 

*  NOTE-  DEMAND  FACTOR  =  ESTIMATED  RATIO  OF  THE  MAXIMUM  DEMAND  THAT  WILL  BE  RECORDED 
DURING  THE  BILLING  PERIOD  TO  THE  MAXIMUM  HOURLY  DEMAND  COMPUTED. 


PC -CUBE  VERSION  2.0.3 


PAGE  NO.  2 


CENTAL  PALNT  730  BASELINE- 1 
OPERATION  SCHEDULE  NO  1 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  PICKS  UP  THE  REMAINDER  OF  THE  LOAD,  ETC. 


OPERATION  SCHEDULE  NO  2 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  BOTH  THE  FIRST  AND  SECOND  SHARE  THE  LOAD  EQUALLY,  ETC. 

OPERATION  SCHEDULE  NO  3 

ALL  UNITS  ARE  TURNED  ON  AND  SHARE  THE  LOAD  EQUALLY. 


OPERATION  SCHEDULE  NO  4 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  THE  FIRST  UNIT  IS  STOPPED.  WHEN  THE  CAPACITY  (OR  CAPACITY 
TIMES  SWITCHOVER  FACTOR)  OF  THE  SECOND  UNIT  IS  REACHED,  A  THIRD  UNIT  IS  STARTED  AND  SHARES  THE  LOAD 
EQUALLY  WITH  THE  SECOND.  IF  THE  LOAD  IS  GREATER  THAN  THE  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER 
FACTOR)  OF  BOTH  UNITS,  THE  FIRST  IS  RESTARTED  AND  CARRIES  THE  EXCESS  LOAD. 


GENERATOR  TYPES 

1  *  RECIPROCATING  ENGINE 

2  =  GAS  TURBINE 

3  =  STEAM  TURBINE 


CHILLER  TYPES 

1  =  ABSORPTION 

2  *  STEAM  TURBINE 

3  =  ENGINE 

4  =  ELECTRIC  MOTOR 


1.2.4 


PC-CUBE  VERSION  2.0.3 


PAGE  NO 


3 


CENTAL  PAL NT  730  BASELINE- 1 

Cl 

GENERATOR  SYSTEM  TYPE  0 

DAYTYPE  123  123  123  123 

GENERATOR  START  TIME  000 

GENERATOR  STOP  TIME  000 


ELECTRIC  COST  PER  KWH  .01370 

ELECTRIC  DEMAND  COST  PER  KW  1.78700 

MINIMUM  DEMAND  FRACTION  1.00000 

GAS  COST  PER  CUBIC  FOOT  .29200 

GAS  COST  ADJUSTMENT  PER  CUBIC  FOOT  .00000 

WINTER  GAS  RATE  MULTIPLIER  FOR  SUMMER  RATES  .00000 

STARTING  MONTH  FOR  SUMMER  GAS  RATE  0 
ENDING  MONTH  FOR  SUMMER  GAS  RATE  0 

AUXILIARY  FUEL  COST  PER  UNIT  .00000 


1.2.5 


PC -CUBE  VERSION  2.0.3 


PAGE  NO. 
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CENTAL  PAL NT  730  BASELINE- 1 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 


LOAD 

ENERGY  IN 
(BTU/HR  OR  KW) 

10 

100. 

20 

141. 

30 

188. 

40 

241. 

50 

295. 

60 

348. 

70 

401. 

80 

459. 

90 

524. 

100 

589. 

1 

4  **  ELECTRIC  MOTOR 
.00 
7968000. 

0. 

280. 

0. 

.08 

RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


He* 


AUXILIARY  FUEL  IN 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


AF  RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


1.2.6 


PC-CUBE  VERSION  2.0.3 


PAGE  NO 
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CENTAL  PAL NT  730  BASELINE- 1 


BOILER/HEATER  IDENT.  NO.  1 
MAXIMUM  OUTPUT,  BTU/HR  6160000. 
ELECTRIC  ACCESSORIES,  KW  87. 
STEAM  ACCESSORIES,  BTU/HR  0. 


LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

1879860. 

20 

1831410. 

30 

2800410. 

40 

3798480. 

50 

4835310. 

60 

5804310. 

70 

6705480. 

80 

7655100. 

90 

8624100. 

100 

9690000. 

BOILER/HEATER  IDENT.  NO.  2 
MAXIMUM  OUTPUT,  BTU/HR  6160000. 
ELECTRIC  ACCESSORIES,  KW  0. 
STEAM  ACCESSORIES,  BTU/HR  0. 


LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

1831410 

20 

1967070 

30 

2945760 

40 

3934140 

50 

4922520 

60 

5891520 

70 

6734550 

80 

7664790 

90 

8595030 

100 

9690000 

1.2.7 


PC -CUBE  VERSION  2.0.3 


PAGE  NO. 
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CENTAL  PAL NT  730  BASELINE- I 


BOILER/HEATER  IDENT.  NO.  3 
MAXIMUM  OUTPUT,  BTU/HR  6180000. 
ELECTRIC  ACCESSORIES,  KW  0. 
STEAM  ACCESSORIES,  BTU/HR  0. 


LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

1841100 

20 

1976760 

30 

2955450 

40 

3924450 

50 

4883760 

60 

5852760 

70 

6792690 

80 

7752000 

90 

8701620 

100 

9690000 

1.2.8 
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CENTAL  PAL NT  730  BASELINE-1 


NUMBER  OF  EACH  DAY  TYPE  PER  MONTH 

MONTH  DAY  TYPE 

12  3 


JAN 

23 

8 

0 

FEB 

20 

8 

0 

MAR 

21 

10 

0 

APR 

0 

0 

30 

MAY 

23 

8 

0 

JUN 

20 

10 

0 

JUL 

23 

0 

0 

AUG 

22 

9 

0 

SEP 

22 

8 

0 

OCT 

0 

0 

31 

NOV 

21 

9 

0 

DEC 

22 

9 

0 

HEATING 

INPUT  ENERGY  LOADS  FOR  SYNTHETIC  LOADS  GENERATOR 
COOLING  ELECTRIC 

PROCESS 

PEAK 

LOAD 

PEAK 

LOAD 

DEMAND 

LOAD 

PEAK 

LOAD 

THOUSAND 

MILLION 

THOUSAND 

MILLION 

THOUSAND 

THOUSAND  MILLION 

MONTH 

BTU/HR 

BTU 

BTU/HR 

BTU 

KILOWATT 

KWH 

BTU/HR 

BTU 

JAN 

15158.0 

6758.0 

.0 

.0 

.0 

.0 

.0 

.0 

FEB 

' 5158.0 

4865.0 

.0 

.0 

.0 

.0 

.0 

.0 

MAR 

158.0 

3506.0 

.0 

.0 

.0 

.0 

.0 

.0 

APR 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

MAY 

.0 

.0 

3119.0 

400.0 

.0 

.0 

.0 

.0 

JUN 

.0 

.0 

11526.0 

962.0 

.0 

.0 

.0 

.0 

JUL 

.0 

.0 

11526.0 

1193.0 

.0 

.0 

.0 

.0 

AUG 

.0 

.0 

11526.0 

1169.0 

.0 

.0 

.0 

.0 

SEP 

.0 

.0 

11526.0 

721.0 

.0 

.0 

.0 

.0 

OCT 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

NOV 

8563.0 

2981.0 

.0 

.0 

.0 

.0 

.0 

.0 

DEC 

15158.0 

5644.0 

.0 

.0 

.0 

.0 

.0 

.0 

TOTAL 

23754.0 

4445.0 

.0 

.0 

1.2.9 
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CENTAL  PAL NT  730  BASEL INE-1 


INPUT  LOAD  PROFILES 


HEATING 


COOLING 


ELECTRIC 


PROCESS 


HOUR 

DAY  TYPE 

1  2 

3 

DAY  TYPE 

1  2 

3 

DAY  TYPE 

1  2 

3 

DAY  TYPE 

1  2 

3 

1 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

2 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

3 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

4 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

5 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

6 

.900 

.000 

.000 

.900 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

7 

.900 

.000 

.000 

.900 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

8 

.800 

.000 

.000 

.800 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

9 

.700 

.000 

.000 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

10 

.600 

.000 

.000 

.600 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

11 

.500 

.000 

.000 

.500 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

12 

.  400 

.000 

.000 

.600 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

13 

.  300 

.000 

.000 

.600 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

14 

.  300 

.000 

.000 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

15 

.300 

.000 

.000 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

16 

.  300 

.000 

.000 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

17 

.  000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

18 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

19 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

20 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

21 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

22 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

23 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

24 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

PROFILE  ADJUSTMENT  START  AND  STOP  TIME,  NUMBER  OF  DAY  TYPES  TO  ADJUST  AND  LIMIT  OF  RANDOM  VARIATION 
HEATING  COOLING  ELECTRIC  PROCESS 


START  HOUR  6 

END  HOUR  16 

NO  DAY  TYPES  1 
ADJUST  LIMIT  .20 


6 

16 

1 

.20 


0 

0 

0 

.00 


0 

0 

0 

.00 


HOURS  OF  AUXILIARY  FUEL  IN  EACH  MONTH 

o  0  o  0  0  0  0 


1.2.10 


PC-CUBE  VERSION  2.0.3 


PAGE  NO 


9 


CENTAL  PAL NT  730  BASELINE-1 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  SEASONS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP. ,  1000  CU  FT  25088. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  290. 

ELECTRICAL  CONSUMPTION,  KWH  1030266. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  732. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  1030266. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  732. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  1873 

BOILER  OPERATING  HOURS 

BOILER  1  1619 

BOILER  2  1177 

BOILER  3  946 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


**  TOTAL  ** 


1.2.11 
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JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 

0.0  0 

0.0  0 

0.  0  0 

0.  0  0 

0.0  0 

0.0  0 

0.  0  0 

0.0  0 

0.0  0 

0.  o  o 

o.oo 
o.oo 

MONTHLY  MAXI  MUMS  AND  COUNT  OF  HOURS 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 

0.0  0 

0.  0  0 

0.  o  o 

0.0  0 

o.oo 
0.  o  o 

0.0  0 

0.  0  0 

o.oo 
0.0  0 

0.  0  o 

0.  0  0 


THAT  HEATING  LOAD  EXCEEDED  EQUIPMENT 


CAPACITY 


1.2.12 


MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  ELECTRICAL  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


PAGE  NO. 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


COUNT  OF  COOLING  LOAD  HOURS 


JAN 

0 

FEB 

0 

MAR 

0 

APR 

0 

MAY 

396 

JUN 

337 

JUL 

396 

AUG 

372 

SEP 

372 

OCT 

0 

NOV 

0 

DEC 

0 

11 
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CENTAL  PAL NT  730  BASEL INE-1 

ANNUAL  NUMBER  OF  HOURS  AT  10  PERCENT  INCREMENTS  OF  LOAD 


SYSTEM  Cl 

NORMAL 

HEATING  AND 

COOLING 

CHR 

0-10 

11-20 

21-30 

1 

663 

148 

142 

BLR 

0-10 

11-20 

21-30 

1 

0 

403 

39 

2 

0 

0 

55 

3 

0 

4 

216 

SEASONS 

31-40 

41-50 

51-60 

61-70 

166 

213 

275 

153 

31-40 

41-50 

51-60 

61-70 

0 

0 

0 

0 

160 

3 

0 

0 

111 

602 

13 

0 

71-80 

81-90 

91-100 

TOTAL 

113 

0 

0 

1873 

71-80 

81-90 

91-100 

TOTAL 

0 

0 

1177 

1619 

0 

0 

946 

1177 

0 

0 

0 

946 
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******************  PURCHASED  electrical  ***************** 


GAS 

GAS 

ON-PK 

ON-PK 

MID-PK 

MID-PK 

OFF-PK 

OFF-PK 

AUX 

AUX 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

FUEL 

FUEL 

MCF 

MCF 

KW 

THOU  KWH 

KW 

THOU  KWH 

KW 

THOU  KWH 

CONSUMP 

HRS 

Cl 

1 

287. 

6092. 

03 

-0 

31. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

2 

290. 

5282. 

r- 

00 

26. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

3 

287. 

5533. 

87. 

28. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

4 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

5 

0. 

0. 

432. 

153. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

6 

0. 

0. 

688. 

171. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

7 

0. 

0. 

720. 

205. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

8 

0. 

0. 

732. 

196. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

9 

0. 

0. 

560. 

165. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

10 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

11 

173. 

3152. 

00 

25. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

12 

287. 

5828. 

87. 

30. 

0. 

0. 

0. 

0. 

0. 

0. 

13 
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CENTAL  PALNT  730  BASELINE- 1 


COOLING 

COOLING 

heat 

HEAT 

DEMAND 

CON SUMP 

DEMAND 

CQNSUKP 

TONS 

TON -HRS 

MBH 

MMBTU 

ELECT 

ELECT 

GEN 

SOLD 

RECOVBL 

HEAT 

RECOVBL 

HEAT 

DEMAND 

CONSUMP 

ELECT 

ELECT 

USED 

UNUSED 

KW 

THOU  KWH 

THOU  KWH 

THOU  KWH 

MMBTU 

MMBTU 

Cl 

1 

0. 

0. 

15157. 

3835. 

87. 

31 

Cl 

2 

0. 

0. 

15157. 

3334. 

87. 

26 

Cl 

3 

0. 

0. 

15157. 

3483. 

87. 

28 

Cl 

4 

0. 

0. 

0. 

0. 

0. 

0 

Cl 

5 

172. 

33333. 

0. 

0. 

432. 

153 

Cl 

6 

480. 

80167. 

0. 

0. 

688. 

171 

Cl 

7 

515. 

99416. 

0. 

0. 

720. 

205 

Cl 

8 

528. 

97414. 

0. 

0. 

732. 

196 

Cl 

9 

328. 

60082. 

0. 

0. 

560. 

165 

Cl 

10 

0. 

0. 

0. 

0. 

0. 

0 

Cl 

11 

0. 

0. 

8562. 

1978. 

87. 

25 

Cl 

12 

0. 

0. 

15157. 

3668. 

87. 

30 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
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CENTRAL  PLANT  730  BASELINE-2 

SYSTEM  Cl  OFF  SEASON  COOLONG,  DOMESTIC  HW,  AND  DISTR.  LOSS 


NUMBER  OF  SYSTEMS  1 
DIFFERENT  TYPE  GENERATORS  0 
DIFFERENT  TYPE  CHILLERS  1 
DIFFERENT  TYPE  BOILERS  OR  HEATERS  1 
NATURAL  GAS  HIGHER  HEATING  VALUE  1000. 
NATURAL  GAS  LOWER  HEATING  VALUE  951. 
AUXILIARY  FUEL 

AUXILIARY  FUEL  HEATING  VALUE  1. 
KILOWATT  DEMAND  BILLING  BASIS  (MINUTES)  15 
DEMAND  FACTOR*  (TIMES  HOURLY  KILOWATT  AVERAGE)  1.00 


GENERATOR  CHILLER 
SYSTEM  OPERATION  OPERATION 
ID  SCHEDULE  SCHEDULE 

DESCRIPTION 


PERCENTAGE  DIRECT  FIRED 
PROCESS  HEAT  PROCESS  HEAT 
DIRECT  FIRED  EFFICIENCY 


0 


1 


0. 


100. 


STEAM 

AF  PROC  TURB 

KEY  KEY  KEY  AUX  FUEL 

0  0  0 


CHILLER  IDENTIFICATION  NUMBERS 

Cl  1000000000 

BOILER/HEATER  IDENTIFICATION  NUMBERS 

Cl  1000000000 

*  NOTE-  DEMAND  FACTOR  =  ESTIMATED  RATIO  OF  THE  MAXIMUM  DEMAND  THAT  WILL  BE  RECORDED 
DURING  THE  BILLING  PERIOD  TO  THE  MAXIMUM  HOURLY  DEMAND  COMPUTED. 
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CENTRAL  PLANT  730  BASELINE-2 
OPERATION  SCHEDULE  NO  1 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  PICKS  UP  THE  REMAINDER  OF  THE  LOAD,  ETC. 

OPERATION  SCHEDULE  NO  2 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAR  AC  I TY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  BOTH  THE  FIRST  AND  SECOND  SHARE  THE  LOAD  EQUALLY,  ETC. 


OPERATION  SCHEDULE  NO  3 

ALL  UNITS  ARE  TURNED  ON  AND  SHARE  THE  LOAD  EQUALLY. 


OPERATION  SCHEDULE  NO  4 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACESD 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  THE  FIRST  UNIT  IS  STOPPED.  WHEN  THE  CAPACITY  (OR  CAPACITY 
TIMES  SWITCHOVER  FACTOR)  OF  THE  SECOND  UNIT  IS  REACHED,  A  THIRD  UNIT  IS  STARTED  AND  SHARES  THE  LOAD 
EQUALLY  WITH  THE  SECOND .  IF  THE  LOAD  IS  GREATER  THAN  THE  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER 
FACTOR)  OF  BOTH  UNITS,  THE  FIRST  IS  RESTARTED  AND  CARRIES  THE  EXCESS  LOAD. 


GENERATOR  TYPES 

1  -  RECIPROCATING  ENGINE 

2  =  GAS  TURBINE 

3  =  STEAM  TURBINE 


CHILLER  TYPES 

1  =  ABSORPTION 

2  =  STEAM  TURBINE 

3  *  ENGINE 

4  *  ELECTRIC  MOTOR 
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CENTRAL  PLANT  730  BASELINE-2 


GENERATOR  SYSTEM  TYPE 
DAYTYPE 

GENERATOR  START  TIME 
GENERATOR  STOP  TIME 


Cl 

0 

12  3  12  3 

0  0  0 

0  0  0 


ELECTRIC  COST  PER  KWH 
ELECTRIC  DEMAND  COST  PER  KW 
MINIMUM  DEMAND  FRACTION 


.01370 

1.78700 

1.00000 


GAS  COST  PER  CUBIC  FOOT  .29200 

GAS  COST  ADJUSTMENT  PER  CUBIC  FOOT  .00000 

WINTER  GAS  RATE  MULTIPLIER  FOR  SUMMER  RATES 
STARTING  MONTH  FOR  SUMMER  GAS  RATE  0 
ENDING  MONTH  FOR  SUMMER  GAS  RATE  0 

AUXILIARY  FUEL  COST  PER  UNIT  .00000 


12  3  12  3 


00000 
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CENTRAL  PLANT  730  BASELINE -2 
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CHILLER  IDENTIFICATION  NO.  1 
CHILLER  TYPE  4 
PERCENT  OF  MAX  OUTPUT  TO  START  .00 
MAXIMUM  OUTPUT,  BTU/HR  3725000. 
PILOT  FUEL  IN,  BTU/HR  0. 
ELECTRIC  ACCESSORIES,  KW  54. 
STEAM  ACCESSORIES  BTU/HR  0. 
PERCENT  ACCESSORY  LOAD  TO  VARY  .16 


**  ELECTRIC  MOTOR  ** 


LOAD 

ENERGY  IN 

RECOVERABLE  HEAT 

AUXILIARY  FUEL  IN 

AF  RECOVERABLE  HEAT 

(BTU/HR  OR  KW) 

(BTU/HR) 

(BTU/HR) 

(BTU/HR) 

10 

41. 

0. 

0. 

0. 

20 

59. 

0. 

0. 

0. 

30 

78. 

0. 

0. 

0. 

40 

100. 

0. 

0. 

0. 

50 

122. 

0. 

0. 

0. 

60 

144. 

0. 

0. 

0. 

70 

166. 

0. 

0. 

0. 

80 

190. 

0. 

0. 

0. 

90 

217. 

0. 

0. 

0. 

100 

244. 

0. 

0. 

0. 
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CENTRAL  PLANT  730  BASELINE-2 


BOILER/HEATER  IDENT. 

NO. 

1 

MAXIMUM  OUTPUT,  BTU/HR  2110000. 

ELECTRIC  ACCESSORIES, 

,  KW 

43. 

STEAM  ACCESSORIES ,  BTU/HR 

0. 

LOAD 

ENERGY  IN 

(BTU/HR  OR  KW) 

1 

10 

627480. 

20 

680600. 

30 

1019240. 

40 

1354560. 

50 

1686560. 

60 

2018560. 

70 

2347240. 

80 

2672600. 

90 

2997960. 

100 

3320000. 
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CENTRAL  PLANT  730  BASELINE-2 


NUMBER  OF  EACH  DAY  TYPE  PER  MONTH 


MONTH 

DAY  TYPE 

1  2 

3 

JAN 

0 

0 

31 

FEB 

0 

0 

28 

MAR 

0 

0 

31 

APR 

22 

8 

0 

MAY 

23 

8 

0 

JUN 

20 

10 

0 

JUL 

23 

8 

0 

AUG 

22 

9 

0 

SEP 

22 

8 

0 

OCT 

23 

8 

0 

NOV 

0 

0 

30 

DEC 

0 

0 

31 

INPUT  ENERGY  LOADS  FOR  SYNTHETIC  LOADS  GENERATOR 
HEATING  COOLING  ELECTRIC 


PEAK 

LOAD 

PEAK 

LOAD 

DEMAND 

LOAD 

THOUSAND 

MILLION 

THOUSAND 

MILLION 

THOUSAND 

MONTH 

BTU/HR 

BTU 

BTU/HR 

BTU 

KILOWATT 

KWH 

JAN 

.0 

.0 

.0 

.0 

.0 

.0 

FEB 

.0 

.0 

.0 

.0 

.0 

.0 

MAR 

.0 

.0 

.0 

.0 

.0 

.0 

APR 

566.0 

151.0 

992.0 

18.0 

.0 

.0 

MAY 

566.0 

156.0 

.0 

.0 

.0 

.0 

JUN 

566.0 

151.0 

.0 

.0 

.0 

.0 

JUL 

566.0 

156.0 

.0 

.0 

.0 

.0 

AUG 

566.0 

156.0 

.0 

.0 

.0 

.0 

SEP 

566.0 

151.0 

.0 

.0 

.0 

.0 

OCT 

566.0 

156.0 

2244.0 

22.0 

.0 

.0 

NOV 

.0 

.0 

.0 

.0 

.0 

.0 

DEC 

.0 

.0 

.0 

.0 

.0 

.0 

TOTAL 

1077.0 

40.0 

.0 

PROCESS 


PEAK 

THOUSAND 

BTU/HR 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


LOAD 

MILLION 

BTU 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


.0 


1.2.22 
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CENTRAL  PLANT  730  BASELINE-2 


INPUT  LOAD  PROFILES 


HEATING 

COOLING 

ELECTRIC 

PROCESS 

HOUR 

DAY 

TYPE 

DAY 

TYPE 

DAY 

TYPE 

DAY 

TYPE 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

2 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

3 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

4 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

5 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

6 

.100 

.000 

.000 

.800 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

7 

.100 

.000 

.000 

.800 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

8 

.500 

.000 

.000 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

9 

.500 

.000 

.000 

.600 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

10 

.500 

.000 

.000 

.500 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

11 

.600 

.000 

.000 

.400 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

12 

.800 

.000 

.000 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

13 

.800 

.000 

.000 

.400 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

14 

.600 

.000 

.000 

.400 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

15 

.700 

.000 

.000 

.400 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

16  _ 

.400 

.000 _ 

.000 

.400 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000  _  ..... 

17 

7ooo  ~ 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

18 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

19 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

20 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

21 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

22 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

23 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

24 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

PROFILE  ADJUSTMENT  START  AND  STOP  TIME,  NUMBER  OF  DAY  TYPES  TO  ADJUST  AND  LIMIT  OF  RANDOM  VARIATION 
HEATING  COOLING  ELECTRIC  PROCESS 


START  HOUR 

6 

6 

0 

0 

END  HOUR 

16 

16 

0 

0 

NO  DAY  TYPES 

1 

1 

0 

0 

ADJUST  LIMIT 

.30 

.20 

.00 

.00 

HOURS  OF  AUXILIARY  FUEL  IN  EACH  MONTH 

oooooooooooo 


1.2.23 
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PAGE  NO.  8 


CENTRAL  PLANT  730  BASELINE-2 

SYSTEM  Cl  OFF  SEASON  COOLONG,  DOMESTIC  HW,  AND  DISTR.  LOSS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP. ,  1000  CU  FT  1581. 

PEAK  DAY  GAS  CONSUMP . ,  1000  CU  FT  12. 

ELECTRICAL  CONSUMPTION,  KWH  145159. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  130. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  145159. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  130. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0- 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  768 

BOILER  OPERATING  HOURS 

BOILER  1  1810 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


**  TOTAL 


** 


1.2.24 


MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  COOLING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY  PAGE  NO.  9 

SYSTEM  Cl 


MAXIMUM 

LOAD  AT 

HR 

COUNT 

JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  HEATING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

1.2.25 


MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  ELECTRICAL  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 


MAXIMUM 

LOAD  AT 

HR 

COUNT 

JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

COUNT  OF  COOLING  LOAD  HOURS 

JAN  0 

FEB  0 

MAR  0 

APR  372 

MAY  0 

JUN  0 

JUL  0 

AUG  0 

SEP  0 

OCT  396 

NOV  0 

DEC  0 


1.2.26 


PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  730  BASELINE-2 

ANNUAL  NUMBER  OF  HOURS  AT  10  PERCENT  INCREMENTS  OF  LOAD 


PAGE  NO.  11 


SYSTEM  Cl  OFF  SEASON  COOLONG,  DOMESTIC  HW,  AND  DISTR.  LOSS 


CHR 

TOTAL 


0-10  11-20  21-30  31-40  41-50  51-60  61-70  71-80  81-90  91-100 


768 


768 


BLR  0-10  11-20  21-30  31-40  41-50  51-60 

TOTAL 


61-70  71-80  81-90  91-100 


1810 


105  1635 


70 


1.2.27 


CENTRAL  PLANT  730  BASELINE-2 


PC -CUBE  VERSION  2.0.3 


PAGE  NO. 


GAS  GAS 

DEMAND  CONSUMP 
MCE  MCF 


******************  PURCHASED  ELECTRICAL  **************** 


ON-PK 

ON-PK 

MID-PK 

MID-PK 

OFF-PK 

OFF-PK 

AUX 

AUX 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

FUEL 

FUEL 

KW 

THOU  KWH 

KW 

THOU  KWH 

KW 

THOU  KWH 

CONSUMP 

HRS 

Cl 

1 

0. 

0 

Cl 

2 

0. 

0 

Cl 

3 

0. 

0 

Cl 

4 

12. 

224 

Cl 

5 

12. 

235 

Cl 

6 

12. 

205 

Cl 

7 

12. 

235 

Cl 

e 

12. 

224 

Cl 

9 

12. 

224 

Cl 

10 

12. 

235 

Cl 

11 

0. 

0 

Cl 

12 

0. 

0 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

130. 

43. 

0. 

43. 

12. 

0. 

43. 

10. 

0. 

43. 

12. 

0. 

43. 

11. 

0. 

43. 

11. 

0. 

130. 

46. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  o. 


0.  0.  0. 

0.  o.  o. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

o.  o.  o. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 
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CENTRAL  PLANT  730  BASELINE-2 


PC-CUBE  VERSION  2.0.3 


PAGE  NO. 


COOLING 

COOLING 

HEAT 

HEAT 

DEMAND 

CON SUMP 

DEMAND 

CONSUMP 

TONS 

TON -HRS 

MBH 

MMBTU 

Cl 

1 

0. 

0. 

0. 

0. 

Cl 

2 

0. 

0. 

0. 

0. 

Cl 

3 

0. 

0. 

0. 

0. 

Cl 

4 

10. 

1500. 

566. 

137. 

Cl 

5 

0. 

0. 

566. 

143. 

Cl 

6 

0. 

0. 

566. 

125. 

Cl 

7 

0. 

0. 

566. 

143. 

Cl 

8 

0. 

0. 

566. 

137. 

Cl 

9 

0. 

0. 

566. 

137. 

Cl 

10 

11. 

1833. 

566. 

143. 

Cl 

11 

0. 

0. 

0. 

0. 

Cl 

12 

0. 

0. 

0. 

0. 

ELECT 

ELECT 

GEN 

SOLD 

RECOVBL 

HEAT 

RECOVBL 

HEAT 

DEMAND 

CONSUMP 

ELECT 

ELECT 

USED 

UNUSED 

KW 

THOU  KWH 

THOU  KWH 

THOU  KWH 

MMBTU 

MMBTU 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

130. 

43. 

0. 

0. 

0. 

0. 

43. 

12. 

0. 

0. 

0. 

0. 

43. 

10. 

0. 

0. 

0. 

0. 

43. 

12. 

0. 

0. 

0. 

0. 

43. 

11. 

0. 

0. 

0. 

0. 

43. 

11. 

0. 

0. 

0. 

0. 

130. 

46. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
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CENTRAL  PLANT  5900 


1.2.30 


PC -CUBE  VERSION  2.0.3 


PAGE  NO.  1 


CENTRAL  PLANT  5900  BASELINE 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 

NUMBER  OF  SYSTEMS 
DIFFERENT  TYPE  GENERATORS 
DIFFERENT  TYPE  CHILLERS 
DIFFERENT  TYPE  BOILERS  OR  HEATERS 
NATURAL  GAS  HIGHER  HEATING  VALUE 
NATURAL  GAS  LOWER  HEATING  VALUE 
AUXILIARY  FUEL 

AUXILIARY  FUEL  HEATING  VALUE 
KILOWATT  DEMAND  BILLING  BASIS  (MINUTES) 

DEMAND  FACTOR*  (TIMES  HOURLY  KILOWATT  AVERAGE) 


1 

0 

5 

5 

1000. 

951. 

1. 

15 

1.00 


GENERATOR  CHILLER 
SYSTEM  OPERATION  OPERATION 
ID  SCHEDULE  SCHEDULE 

DESCRIPTION 


PERCENTAGE  DIRECT  FIRED 
PROCESS  HEAT  PROCESS  HEAT 
DIRECT  FIRED  EFFICIENCY 


Cl  0  1 


1. 


0. 


100. 


STEAM 

AF  PROC  TURB 

KEY  KEY  KEY  AUX  FUEL 

ooo 


CHILLER  IDENTIFICATION  NUMBERS 
Cl  1234500000 

BOILER/ HEATER  IDENTIFICATION  NUMBERS 

Cl  1233450000 

*  NOTE-  DEMAND  FACTOR  =  ESTIMATED  RATIO  OF  THE  MAXIMUM  DEMAND  THAT  WILL  BE  RECORDED 
DURING  THE  BILLING  PERIOD  TO  THE  MAXIMUM  HOURLY  DEMAND  COMPUTED. 


1.2.31 


PC -CUBE  VERSION  2.0.3 


PAGE  NO.  2 


CENTRAL  PLANT  5900  BASELINE 
OPERATION  SCHEDULE  NO  1 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  PICKS  UP  THE  REMAINDER  OF  THE  LOAD,  ETC. 

OPERATION  SCHEDULE  NO  2 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  BOTH  THE  FIRST  AND  SECOND  SHARE  THE  LOAD  EQUALLY,  ETC. 


OPERATION  SCHEDULE  NO  3 

ALL  UNITS  ARE  TURNED  ON  AND  SHARE  THE  LOAD  EQUALLY . 


OPERATION  SCHEDULE  NO  4 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  THE  FIRST  UNIT  IS  STOPPED .  WHEN  THE  CAPACITY  (OR  CAPACITY 

TIMES  SWITCHOVER  FACTOR)  OF  THE  SECOND  UNIT  IS  REACHED,  A  ^^^SWITCHOVER 

EQUALLY  WITH  THE  SECOND.  IF  THE  LOAD  IS  GREATER  THAN  THE  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER 

FACTOR)  OF  BOTH  UNITS,  THE  FIRST  IS  RESTARTED  AND  CARRIES  THE  EXCESS  LOAD. 


GENERATOR  TYPES 

1  =  RECIPROCATING  ENGINE 

2  =  GAS  TURBINE 

3  =  STEAM  TURBINE 


CHILLER  TYPES 

1  =  ABSORPTION 

2  =  STEAM  TURBINE 

3  =  ENGINE 

4  =  ELECTRIC  MOTOR 


1.2.32 


CENTRAL  PLANT  5900  BASELINE 

Cl 

GENERATOR  SYSTEM  TYPE  0 

DAYTYPE  1  2 

GENERATOR  START  TIME  0  0 

GENERATOR  STOP  TIME  0  0 


3 

0 

0 


PC -CUBE  VERSION  2.0.3 


123  123  123 


ELECTRIC  COST  PER  KWH 
ELECTRIC  DEMAND  COST  PER  KW 
MINIMUM  DEMAND  FRACTION 


.01370 

1.78700 

1.00000 


GAS  COST  PER  CUBIC  FOOT  .29200 

GAS  COST  ADJUSTMENT  PER  CUBIC  FOOT  .00000 

WINTER  GAS  RATE  MULTIPLIER  FOR  SUMMER  RATES  .00000 

STARTING  MONTH  FOR  SUMMER  GAS  RATE  0 
ENDING  MONTH  FOR  SUMMER  GAS  RATE  0 

AUXILIARY  FUEL  COST  PER  UNIT  .00000 


PAGE  NO.  3 
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CENTRAL  PLANT  5900  BASELINE 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 
LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

54. 

20 

75. 

30 

95, 

40 

119, 

50 

142, 

60 

170, 

70 

203 

80 

278 

90 

288 

100 

339 

1 

4  **  ELECTRIC  MOTOR  ** 


.25 

4440000. 

0. 

76. 

0. 

.25 

RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


AUXILIARY  FUEL  IN 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


AF  RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 
LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


2 

4  **  ELECTRIC  MOTOR 
.00 
4032000. 

0. 


76. 

0. 

.19 

RECOVERABLE  HEAT 
(BTU/HR) 


** 


AUXILIARY  FUEL  IN 
(ITU /HR) 


AF  RECOVERABLE  HEAT 
(BTU/HR) 


10 

51, 

20 

70, 

30 

88, 

40 

111. 

50 

133, 

60 

158, 

70 

190, 

80 

259, 

90 

269 

100 

316 

0. 

0. 


0. 


0. 

0. 

0. 

0. 


0. 

0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
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CENTRAL  PLANT  5900  BASELINE 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 
LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

40. 

20 

55, 

30 

70. 

40 

88, 

50 

105, 

60 

126, 

70 

151 

80 

206 

90 

213 

100 

251 

3 

4  **  ELECTRIC  MOTOR 

.00 

3552000. 

0. 

80. 

0. 

.18 

RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


** 


AUXILIARY  FUEL  IN 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


AF  RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 


LOAD 

ENERGY  IN 
(BTU/HR  OR  KW) 

10 

59. 

20 

82. 

30 

104. 

40 

130. 

50 

156. 

60 

186. 

70 

223. 

80 

304. 

90 

315. 

100 

371. 

4 

4  **  ELECTRIC  MOTOR 
.00 
4752000. 

0. 

101. 

0. 

.20 

RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


** 


AUXILIARY  FUEL  IN 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


AF  RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


1.2.35 
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CENTRAL  PLANT  5900  BASELINE 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 
LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


5 

4  **  ELECTRIC  MOTOR 
.00 
3504000. 

0. 

83. 

0. 

.21 

RECOVERABLE  HEAT 
(BTU/HR) 


** 


AUXILIARY  FUEL  IN 
(BTU/HR) 


AF  RECOVERABLE  HEAT 
(BTU/HR) 


10 

40. 

0. 

20 

55. 

0. 

30 

70. 

0. 

40 

87. 

0. 

50 

105. 

0. 

60 

125. 

0. 

70 

149. 

0. 

80 

204. 

0. 

90 

212. 

0. 

100 

249. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


« 


1,2,36 
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PC -CUBE  VERSION  2.0.3 


CENTRAL  PLANT  5900  BASELINE 


BOILER/HEATER  IDENT.  NO.  1 

MAXIMUM  OUTPUT,  BTU/HR  6940000. 

ELECTRIC  ACCESSORIES,  KW  0. 

STEAM  ACCESSORIES,  BTU/HR  0. 

LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 

10  2062500. 

20  2512500. 

30  3700000. 

40  4875000. 

50  6000000. 

60  7262500. 

70  8462500. 

80  9750000. 

90  11050000. 

100  12500000. 


BOILER/HEATER  IDENT.  NO.  2 

MAXIMUM  OUTPUT,  BTU/HR  7170000. 

ELECTRIC  ACCESSORIES,  KW  0. 

STEAM  ACCESSORIES,  BTU/HR  0. 

LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

2137500 

20 

2550000 

30 

3737500 

40 

4875000 

50 

5962500 

60 

7225000 

70 

8512500 

80 

9812500 

90 

11150000 

100 

12500000 

1.2,37 
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PC-CUBE  VERSION  2.0.3 


CENTRAL  PLANT  5900  BASELINE 


BOILER/HEATER  IDENT. 

NO. 

3 

MAXIMUM  OUTPUT,  BTU/HR 

7610000. 

ELECTRIC  ACCESSORIES 

,  KW 

0. 

STEAM  ACCESSORIES,  BTU/HR 

0. 

LOAD 

ENERGY  IN 

(BTU/HR 

OR  KW) 

10 

2268310. 

20 

2583690. 

30 

3796690. 

40 

4961170. 

50 

6077130. 

60 

7290130. 

70 

8430350. 

80 

9631220. 

90 

10819960. 

100 

12130000. 

BOILER/HEATER  IDENT.  NO.  4 
MAXIMUM  OUTPUT,  BTU/HR  6220000. 
ELECTRIC  ACCESSORIES,  KW  0. 
STEAM  ACCESSORIES,  BTU/HR  0. 


LOAD 

ENERGY  IS 
(BTU/HR 

10 

1900000. 

20 

2180000. 

30 

3220000. 

40 

4240000. 

50 

5230000. 

60 

6220000. 

70 

7240000. 

80 

8200000. 

90 

8140000. 

100 

10000000. 

1.2.38 
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CENTRAL  PLANT  5900  BASELINE 


BOILER/HEATER  I DENT.  NO.  5 
MAXIMUM  OUTPUT,  BTU/HR  8880000. 
ELECTRIC  ACCESSORIES,  KW  0. 
STEAM  ACCESSORIES,  BTU/HR  0. 


LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

2646000. 

20 

3052000, 

30 

4508000, 

40 

5936000, 

50 

7140000 

60 

8526000 

70 

9870000 

80 

11242000 

90 

12600000 

100 

14000000 

1.2.39 


CENTRAL  PLANT  5900  BASELINE 


MONTH  DAY  TYPE 

1  2  3 


NUMBER  OF  EACH  DAY  TYPE  PER  MONTH 


PAGE  NO.  10 


HEATING 


INPUT  ENERGY  LOADS  FOR  SYNTHETIC  LOADS  GENERATOR 
COOLING  ELECTRIC 


PEAK 

THOUSAND 

BTU/HR 


MILLION 

BTU 


PEAK 

THOUSAND 

BTU/HR 


LOAD 

MILLION 

BTU 


PROCESS 


DEMAND  LOAD  PEAK  LOW) 

THOUSAND  THOUSAND  MILLION 

KILOWATT  KWH  BTU/HR  BTU 


57938.0 

57938.0 

57938.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

21864.0 

57938.0 


11818.0 

9046.0 

7725.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

6339.0 

9820.0 


.0 

5212.0 

18384.0 

18384.0 

18384.0 

18384.0 

.0 

.0 

.0 


.0 

7368.0 

30305.0 

8487.0 

8494.0 

7888.0 

.0 

.0 

.0 


44748.0 


62542.0 


1.2.40 


CENTRAL  PLANT  5900  BASELINE 


PC -CUBE 


HEATING 

HOUR  DAY  TYPE 

12  3 


INPUT  LOAD  PROFILES 

COOLING  ELECTRIC 

DAY  TYPE  DAY  TYPE 

12  3  12  3 


PAGE  NO. 


PROCESS 
DAY  TYPE 
12  3 


1 

.600 

.700 

.000 

.300 

.300 

.000 

2 

.600 

.700 

.000 

.300 

.300 

.000 

3 

.600 

.700 

.000 

.300 

.300 

.000 

4 

.600 

.700 

.000 

.300 

.300 

.000 

5 

.600 

.700 

.000 

.300 

.300 

.000 

6 

.600 

.700 

.000 

.300 

.300 

.000 

7 

.600 

.700 

.000 

.300 

.300 

.000 

8 

.600 

.700 

.000 

.300 

.300 

.000 

9 

.600 

.700 

.000 

.300 

.300 

.000 

10 

.600 

.700 

.000 

.300 

.300 

.000 

11 

.600 

.700 

.000 

.300 

.300 

.000 

12 

.600 

.700 

.000 

.300 

.300 

.000 

13 

.400 

.500 

.000 

.500 

.500 

.000 

14 

.400 

.500 

.000 

.600 

.500 

.000 

15 

.400 

.500 

.000 

.700 

.500 

.000 

16 

.400 

.500 

.000 

.600 

.500 

.000 

17 

.400 

.500 

.000 

.600 

.500 

.000 

18 

.400 

.700 

.000 

.500 

.500 

.000 

19 

.600 

.700 

.000 

.500 

.500 

.000 

20 

.600 

.700 

.000 

.500 

.500 

.000 

21 

.600 

.700 

.000 

.300 

.300 

.000 

22 

.600 

.700 

.000 

.300 

.300 

.000 

23 

.600 

.700 

.000 

.300 

.300 

.000 

24 

.600 

.700 

.000 

.300 

.300 

.000 

500 

.500 

.500 

.300 

.300 

.300 

500 

.500 

.500 

.300 

.300 

.300 

500 

.500 

.500 

.300 

.300 

.300 

500 

.500 

.500 

.300 

.300 

.300 

500 

.500 

.500 

.300 

.300 

.300 

700 

.700 

.700 

.500 

.300 

.300 

700 

.700 

.700 

.500 

.300 

.300 

700 

.700 

.700 

.500 

.300 

.300 

700 

.700 

.700 

.500 

.300 

.300 

700 

.700 

.700 

.500 

.300 

.300 

700 

.700 

.700 

.700 

.300 

.300 

700 

.700 

.700 

.700 

.300 

.300 

,700 

.700 

.700 

.700 

.300 

.300 

.700 

.700 

.700 

.700 

.300 

.300 

.700 

.700 

.700 

.700 

.300 

.300 

.700 

.700 

.700 

.700 

.300 

.300 

.700 

.700 

.700 

.700 

.300 

.300 

.700 

.700 

.700 

.500 

.300 

.300 

.700 

.700 

.700 

.500 

.300 

.300 

.500 

.500 

.500 

.500 

.300 

.300 

.500 

.500 

.500 

.300 

.300 

.300 

.500 

.500 

.500 

.300 

.300 

.300 

.500 

.500 

.500 

.300 

.300 

.300 

.500 

.500 

.500 

.300 

.300 

.300 

PROFILE  ADJUSTMENT 
HEATING 


START  AND  STOP  TIME,  NUMBER  OF  DAY  TYPES  TO  ADJUST  AND  LIMIT  OF  RANDOM  VARIATION 
COOLING  ELECTRIC  PROCESS 


START  HOUR  0 
END  HOUR  24 

NO  DAY  TYPES  2 
ADJUST  LIMIT  .30 


0  0  0 

24  24  24 

2  3  1 

.20  -30  -30 


HOURS  OF  AUXILIARY  FUEL  IN  EACH  MONTH 

oooooooooooo 


1.2.41 


li 
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CENTRAL  PLANT  5900  BASELINE 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP. ,  1000  CU  FT  79220. 

PEAK  DAY  GAS  CONSUMP . ,  1000  CU  FT  833. 

ELECTRICAL  CONSUMPTION ,  KWH  4113574. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  1781. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  4113574. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  1781. 

MID-PEAK  CONSUMPTION  KWH  °* 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  °- 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  °- 

SOLD  ELECTRICAL  POWER  KWH  °- 


AUXILIARY  FUEL  CONSUMPTION 


DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

CHILLER  2  3672 

CHILLER  3  2512 

CHILLER  4  1456 

CHILLER  5  934 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  3458 

BOILER  3  H91 

BOILER  4  0 

BOILER  5  0 

BOILER  6  0 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


**  TOTAL  ** 


Total  additional  annual  energy  use  due 
necessary : 

Total  electrical  consumption: 


yo  operating  chiller  3,  4,  and  5  more  than 
519,104  kWh/yr 

4,632,678  kWh/yr 


1.2.42 


MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  COOLING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
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SYSTEM  Cl 


MAXIMUM 

LOAD 

AT  HR 

COUNT 

JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  HEATING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

1.2.43 


MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  ELECTRICAL  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
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SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


COUNT  OF  COOLING  LOAD  HOURS 


JAN 

0 

FEB 

0 

MAR 

0 

APR 

0 

MAY 

744 

JUN 

720 

JUL 

744 

AUG 

744 

SEP 

720 

OCT 

0 

NOV 

0 

DEC 

0 

1.2.44 


PC -CUBE  VERSION  2.0.3 


CENTRAL  PLANT  5900  BASELINE 

ANNUAL  NUMBER  OF.  HOURS  AT  10  PERCENT  INCREMENTS  OF  LOAD 


PAGE  NO. 


SYSTEM  Cl 

CHR 

TOTAL 

NORMAL 

0-10 

HEATING  AND 

11-20 

COOLING 

21-30 

LOADS 

31-40 

1 

0 

0 

0 

0 

3672 

2 

42 

702 

0 

0 

3672 

3 

240 

208 

192 

240 

2512 

4 

0 

0 

36 

64 

1456 

5 

48 

47 

32 

84 

934 

BLR 

0-10 

11-20 

21-30 

31-40 

TOTAL 

1 

0 

0 

0 

0 

3624 

2 

69 

211 

218 

292 

3458 

3 

327 

174 

207 

112 

1191 

4 

0 

0 

0 

0 

0 

5 

0 

0 

0 

0 

0 

6 

0 

0 

0 

0 

0 

41-50 

51-60 

61-70 

71-80 

81-90 

91-100 

0 

0 

0 

0 

0 

3672 

0 

0 

0 

0 

112 

2816 

144 

32 

0 

0 

0 

1456 

84 

112 

156 

25 

12 

967 

723 

0 

0 

0 

0 

0 

41-50 

51-60 

61-70 

71-80 

81-90 

91-100 

0 

0 

0 

30 

60 

3534 

291 

254 

258 

243 

198 

1424 

202 

74 

38 

0 

38 

19 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

15 
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CENTRAL  PLANT  5900  BASELINE 


******* 


GAS 

GAS 

ON-PK 

demand 

CONSUMP 

DEMAND 

MCF 

MCF 

KW 

Cl 

1 

833. 

20696. 

0. 

Cl 

2 

712. 

16067. 

0. 

Cl 

3 

544. 

13678. 

0. 

Cl 

4 

0. 

0. 

0. 

Cl 

5 

0. 

0. 

547. 

Cl 

6 

0. 

0. 

1781. 

Cl 

7 

0. 

0. 

1781. 

Cl 

8 

0. 

0. 

1781. 

Cl 

9 

0. 

0. 

1781. 

Cl 

10 

0. 

0. 

0. 

Cl 

11 

466. 

11322. 

0. 

Cl 

12 

693. 

17456. 

0. 

PC-CUBE  VERSION  2.0.3 


********** 

PURCHASE) 

ELECTRICAL 

******* 

ON-PK 

MID-PK 

MID-PK 

OFF-PK 

CONSUMP 

DEMAND 

CONSUMP 

DEMAND 

THOU  KWH 

KW 

TBOU  KWH 

KW 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

406. 

0. 

0. 

0. 

1280. 

0. 

0. 

0. 

827. 

0. 

0. 

0. 

827. 

0. 

0. 

0. 

774. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

PAGE  NO.  16 


********* 

OFF-PK  AUX  AUX 

CONSUMP  FUEL  FUEL 

TBOU  KWH  CONSUMP  HRS 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  o. 

0.  0.  0. 

0.  0.  o. 

0.  0.  o. 

0.  o.  0. 

0.  0.  o. 


CENTRAL 


PLANT  5900  BASELINE 

COOLING  COOLING 
DEMAND  CONSUMP 
TONS  TON -HRS 


HEAT 

DEMAND 

MBH 


PAGE  NO. 

PC -CUBE  VERSION  2.0.3 


RECOVBL  RECOVBL 


HEAT 

ELECT 

ELECT 

GEN 

SOLD 

HEAT 

HEAT 

CONSUMP 

DEMAND 

CONSUMP 

ELECT 

ELECT 

USED 

UNUSED 

MMBTU 

KW 

THOU  KWH 

THOU  KWH 

THOU  KWH 

MMBTU 

MMBTU 

Cl 

1 

0. 

0. 

Cl 

2 

0. 

0. 

Cl 

3 

0. 

0. 

Cl 

4 

0. 

0. 

Cl 

5 

434. 

320682. 

Cl 

6 

1532. 

1099390. 

Cl 

7 

1532. 

702426. 

Cl 

8 

1532. 

703110. 

Cl 

9 

1532. 

654209. 

Cl 

10 

0. 

0. 

Cl 

11 

0. 

0 

Cl 

12 

0. 

0 

21302. 

11818. 

0. 

0. 

17970. 

9046. 

0. 

0. 

13558. 

7725. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

547. 

406. 

0. 

0. 

1781. 

1280. 

0. 

0. 

1781. 

827. 

0. 

0. 

1781. 

827. 

0. 

0. 

1781. 

774. 

0. 

0. 

0. 

0. 

11589. 

6339. 

0. 

0. 

17455. 

9820. 

0. 

0. 

17 
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CENTRAL  PLANT  6003 
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PC -CUBE  VERSION  2.0.3 
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CENTRAL  PLANT  6003  BASELINE- 1 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 

NUMBER  OF  SYSTEMS 

DIFFERENT  TYPE  GENERATORS 

DIFFERENT  TYPE  CHILLERS 

DIFFERENT  TYPE  BOILERS  OR  HEATERS 

NATURAL  GAS  HIGHER  HEATING  VALUE 

NATURAL  GAS  LOWER  HEATING  VALUE 

AUXILIARY  FUEL 

AUXILIARY  FUEL  HEATING  VALUE 

KILOWATT  DEMAND  BILLING  BASIS  (MINUTES) 

DEMAND  FACTOR*  (TIMES  HOURLY  KILOWATT  AVERAGE) 


1 

0 

3 

2 

1000. 

951. 

1. 

15 

1.00 


GENERATOR  CHILLER 
SYSTEM  OPERATION  OPERATION 
ID  SCHEDULE  SCHEDULE 

DESCRIPTION 

Cl  0  3 

1. 


PERCENTAGE  DIRECT  FIRED 
PROCESS  HEAT  PROCESS  HEAT 
DIRECT  FIRED  EFFICIENCY 


0. 


100. 


STEAM 

AF  PROC  TURB 

KEY  KEY  KEY  AUX  FUEL 

0  0  0 


CHILLER  IDENTIFICATION  NUMBERS 

Cl  2300000000 

BOILER/HEATER  IDENTIFICATION  NUMBERS 

Cl  1200000000 

*  NOTE-  DEMAND  FACTOR  «  ESTIMATED  RATIO  OF  THE  MAXIMUM  DEMAND  THAT  WILL  BE  RECORDED 
DURING  THE  BILLING  PERIOD  TO  THE  MAXIMUM  HOURLY  DEMAND  COMPUTED. 


PC -CUBE  VERSION  2.0.3 
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CENTRAL  PLANT  6003  BASELINE- 1 
OPERATION  SCHEDULE  NO  1 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  PICKS  UP  THE  REMAINDER  OF  THE  LOAD,  ETC. 

OPERATION  SCHEDULE  NO  2 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  BOTH  THE  FIRST  AND  SECOND  SHARE  THE  LOAD  EQUALLY,  ETC. 


OPERATION  SCHEDULE  NO  3 

ALL  UNITS  ARE  TURNED  ON  AND  SHARE  THE  LOAD  EQUALLY. 


OPERATION  SCHEDULE  NO  4 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  ™ES  SW: ' ’ 

THE  SECOND  UNIT  IS  THEN  STARTED  AND  THE  FIRST  UNIT  IS  STOPPED.  WHEN  THE  CAPACITY  (OR  CAP 

TIMES  SWITCHOVER  FACTOR)  OF  THE  SECOND  UNIT  IS  REACHED,  A  THIRD  UNIT  IS  STARTED  AND  SHARES  THE  LOAD 

IF  THE  LOAD  IS  GREATER  THAN  THE  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER 
FACTOR)  OF  BOTH  UNITS,  THE  FIRST  IS  RESTARTED  AND  CARRIES  THE  EXCESS  LOAD. 


GENERATOR  TYPES 

1  =  RECIPROCATING  ENGINE 

2  =  GAS  TURBINE 

3  =  STEAM  TURBINE 


CHILLER  TYPES 

1  =  ABSORPTION 

2  =  STEAM  TURBINE 

3  =  ENGINE 

4  =  ELECTRIC  MOTOR 


1.2.50 


PC -CUBE  VERSION  2.0.3 
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CENTRAL  PLANT  6003  BASELINE- 1 

Cl 

GENERATOR  SYSTEM  TYPE  0 

DAYTYPE  1  2 

GENERATOR  START  TIME  0  0 

GENERATOR  STOP  TIME  0  0 


3 

0 

0 


ELECTRIC  COST  PER  KWH 
ELECTRIC  DEMAND  COST  PER  KW 
MINIMUM  DEMAND  FRACTION 


.01370 

1.78700 

1.00000 


.29200 

.00000 

RATES 

0 

0 

.00000 


GAS  COST  PER  CUBIC  FOOT 
GAS  COST  ADJUSTMENT  PER  CUBIC  FOOT 
WINTER  GAS  RATE  MULTIPLIER  FOR  SUMMER 
STARTING  MONTH  FOR  SUMMER  GAS  RATE 
ENDING  MONTH  FOR  SUMMER  GAS  RATE 
AUXILIARY  FUEL  COST  PER  UNIT 


00000 


1.2.51 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 


LOAD 

ENERGY  IN 
(BTU/HR  OR  KW) 

10 

oo 

20 

68. 

30 

91. 

40 

116. 

50 

142. 

60 

168. 

70 

193. 

80 

222. 

90 

253. 

100 

284. 

2 

4  **  ELECTRIC  MOTOR  ** 


.00 

5346000. 

0. 

64. 

0. 

.28 

recoverable  heat 

(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


AUXILIARY  FUEL  IN 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


AF  RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
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CENTRAL  PLANT  6003  BASELINE- 1 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 
LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


AF  RECOVERABLE  HEAT 
(BTU/HR) 


10 

48, 

20 

68, 

30 

91, 

40 

116, 

50 

142, 

60 

168, 

70 

193, 

80 

222 

90 

253 

100 

284 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


1.2.53 


PC-CUBE  VERSION  2.0.3 


PAGE  NO 


6 


CENTRAL  PLANT  6003  BASELINE- 1 


BOILER/HEATER  IDENT.  NO.  1 

MAXIMUM  OUTPUT,  BTU/HR  9410000. 

ELECTRIC  ACCESSORIES,  KW  0. 

STEAM  ACCESSORIES,  BTU/HR  0. 

load  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

2798150, 

20 

3384150 

30 

4849150 

40 

6196950 

50 

7442200 

60 

8907200 

70 

10357550 

80 

11793250 

90 

13228950 

100 

14650000 

BOILER/HEATER  IDENT. 

NO. 

2 

MAXIMUM  OUTPUT,  BTU/HR  9120000. 

ELECTRIC  ACCESSORIES 

,  KW 

0. 

STEAM  ACCESSORIES,  BTU/HR 

0. 

LOAD 

ENERGY  IN 

(BTU/HR  OR  KW) 

10 

2710250. 

20 

3032550. 

30 

4497550. 

40 

5947900. 

50 

7383600. 

60 

8848600. 

70 

10284300. 

80 

11734650. 

90 

13185000. 

100 

14650000. 

PC- CUBE 


PAGE  NO.  7 


CENTRAL  PLANT  6003  BASELINE- 1 


MONTH  DAY  TYPE 

12  3 


NUMBER  OF  EACH  DAY  TYPE  PER  MONTH 


JAN  23 

FEB  20 

MAR  21 

APR  0 

MAY  23 

JUN  20 

JUL  23 

AUG  22 

SEP  22 

OCT  0 

NOV  21 

DEC  22 


8  0 

8  0 

10  0 

0  30 

8  0 

10  0 

8  0 

9  0 

8  0 

0  31 

9  0 

9  0 


HEATING 


INPUT  ENERGY  LOADS  FOR  SYNTHETIC  LOADS  GENERATOR 
COOLING  ELECTRIC 


PROCESS 


PEAK 

LOAD 

THOUSAND 

MILLION 

MONTH  BTU/HR 

BTU 

PEAK 

THOUSAND 

BTU/HR 


LOAD 

MILLION 

BTU 


DEMAND 

KILOWATT 


LOAD 

THOUSAND 

KWH 


PEAK 

THOUSAND 

BTU/HR 


LOAD 

MILLION 

BTU 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


23809.0 

23809.0 

23809.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

9454.0 

23809.0 


4711.0 

3064.0 

3064.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

2527.0 

3064.0 


.0 

.0 

.0 

.0 

3233.0 

8525.0 

8525.0 

8525.0 

8525.0 

.0 

.0 

.0 


.0 

.0 

.0 

.0 

6182.0 

6504.0 

6625.0 

6626.0 

6387.0 

.0 

.0 

.0 


.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


TOTAL  16430.0 


32324.0 


.0 


.0 
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CENTRAL  PLANT  6003  BASELINE- 1 


HEATING 

HOUR  DAY  TYPE 

12  3 


INPUT  LOAD  PROFILES 

COOLING  ELECTRIC 

DAY  TYPE  DAY  TYPE 

12  3  12  3 


PROCESS 
DAY  TYPE 
12  3 


1 

.700 

.700 

.000 

2 

.700 

.700 

.000 

3 

.700 

.700 

.000 

4 

.700 

.700 

.000 

5 

.700 

.700 

.000 

6 

.700 

.700 

.000 

7 

.700 

.700 

.000 

8 

.700 

.700 

.000 

9 

.700 

.700 

.000 

10 

.700 

.700 

.000 

11 

.700 

.700 

.000 

12 

.700 

.700 

.000 

13 

.500 

.500 

.000 

14 

.500 

.500 

.000 

15 

.500 

.500 

.000 

16 

.500 

.500 

.000 

17 

.500 

.500 

.000 

18 

.500 

.700 

.000 

19 

.700 

.700 

.000 

20 

.700 

.700 

.000 

21 

.700 

.700 

.000 

22 

.700 

.700 

.000 

23 

.700 

.700 

.000 

24 

.700 

.700 

.000 

.200 

.200 

.000 

.200 

.200 

.000 

.200 

.200 

.000 

.200 

.200 

.000 

.200 

.200 

.000 

.200 

.200 

.000 

.200 

.200 

.000 

.200 

.200 

.000 

.200 

.200 

.000 

.200 

.200 

.000 

.200 

.200 

.000 

.200 

.200 

.000 

.400 

.400 

.000 

.400 

.400 

.000 

.400 

.400 

.000 

.400 

.400 

.000 

.400 

.400 

.000 

.400 

.400 

.000 

.400 

.400 

.000 

.400 

.400 

.000 

.200 

.200 

.000 

.200 

.200 

.000 

.200 

.200 

.000 

.200 

.200 

.000 

500 

.500 

.500 

.000 

.000 

500 

.500 

.500 

.000 

.000 

500 

.500 

.500 

.000 

.000 

500 

.500 

.500 

.000 

.000 

500 

.500 

.500 

.000 

.000 

700 

.700 

.700 

.000 

.000 

700 

.700 

.700 

.000 

.000 

700 

.700 

.700 

.000 

.000 

700 

.700 

.700 

.000 

.000 

700 

.700 

.700 

.000 

.000 

,700 

.700 

.700 

.000 

.000 

,700 

.700 

.700 

.000 

.000 

,700 

.700 

.700 

.000 

.000 

.700 

.700 

.700 

.000 

.000 

.700 

.700 

.700 

.000 

.000 

.700 

.700 

.700 

.000 

.000 

.700 

.700 

.700 

.000 

.000 

.700 

.700 

.700 

.000 

.000 

.700 

.700 

.700 

.000 

.000 

.500 

.500 

.500 

.000 

.000 

.500 

.500 

.500 

.000 

.000 

.500 

.500 

.500 

.000 

.000 

.500 

.500 

.500 

.000 

.000 

.500 

.500 

.500 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 


PROFILE  ADJUSTMENT 
HEATING 


START  AND  STOP  TIME,  NUMBER  OF  DAY  TYPES  TO  ADJUST  AND 
COOLING  ELECTRIC 


LIMIT  OF  RANDOM  VARIATION 
PROCESS 


START  HOUR  0 

END  HOUR  24 

NO  DAY  TYPES  2 
ADJUST  LIMIT  .30 


0 

24 

2 

.00 


0 

24 

3 

.30 


0 

0 

0 

.00 


HOURS  OF  AUXILIARY  FUEL  IN  EACH  MONTH 

ooooooo 


ooooo 
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PC -CUBE  VERSION  2.0.3 


SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP.,  1000  CU  FT  26405. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  270. 

ELECTRICAL  CONSUMPTION,  KWH  1862266. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  563. 

PURCHASED  ELECTRIC  POWER 

ON -PEAK  CONSUMPTION  KWH  1862266. 


ON-PEAK  KW  DEMAND  (15  MIN  BASIS) 
MID-PEAK  CONSUMPTION  KWH 
MID-PEAK  KW  DEMAND  (15  MIN  BASIS) 
OFF-PEAK  CONSUMPTION  KWH 
OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 
GENERATED  ELECTRICAL  POWER  KWH 
SOLD  ELECTRICAL  POWER  KWH 

AUXILIARY  FUEL  CONSUMPTION 


DIR.  PROC.  GAS  CONSUMP.,  1000  CF 
CHILLER  OPERATING  HOURS 
CHILLER  1 
CHILLER  2 

BOILER  OPERATING  HOURS 
BOILER  1 
BOILER  2 


0. 

3672 

3672 

3624 

0 


**  TOTAL 


RECOVERABLE  HEAT  USED,  MBTU 
RECOVERABLE  HEAT  UNUSED,  MBTU 


0. 

0. 


MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  COOLING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 


PAGE  NO.  10 


SYSTEM  Cl 


MAXIMUM 

LOAD  AT 

HR 

COUNT 

JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  HEATING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

1.2.58 


MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  ELECTRICAL  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 


PAGE  NO.  11 


SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 
JAN  0.  0 

FEB  0.  0 

MAR  0.  0 

APR  0.  0 

MAY  0.  0 

JUN  0.  0 

JUL  0.  0 

AUG  0.  0 

SEP  0 .  0 

OCT  0.  0 

NOV  0.  0 

DEC  0 .  0 

COUNT  OF  COOLING  LOAD  HOURS 


JAN 

0 

FEB 

0 

MAR 

0 

APR 

0 

MAY 

744 

JUN 

720 

JUL 

744 

AUG 

744 

SEP 

720 

OCT 

0 

NOV 

0 

DEC 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


1.2.59 


PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  6003  BASELINE- 1 

ANNUAL  NUMBER  OF  HOURS  AT  10  PERCENT  INCREMENTS  OF  LOAD 


SYSTEM  Cl 

CHR 

NORMAL 

0-10 

HEATING  AND 

11-20 

COOLING 

21-30 

LOADS 

31-40 

41-50 

51-60 

61-70 

o 

CD 

t 

¥-4 

r- 

TOTAL 

1 

0 

0 

0 

744 

0 

0 

0 

2928 

3672 

2 

0 

0 

0 

744 

0 

0 

0 

2928 

3672 

BLR 

0-10 

11-20 

21-30 

31-40 

41-50 

51-60 

61-70 

71-80 

TOTAL 

1 

0 

0 

155 

771 

1403 

718 

230 

310 

3624 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 


81-90 

0 

0 

81-90 

37 

0 


91-100 

0 

0 

91-100 

0 

0 
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GAS  GAS 

DEMAND  CONSUMP 
MCF  MCF 


******************  PURCHASED  ELECTRICAL  ***************** 


ON-PK 

ON-PK 

MID-PK 

MID-PK 

OFF-PK 

OFF-PK 

AUX 

AUX 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

FUEL 

FUEL 

KW 

THOU  KWH 

KW 

THOU  KWH 

KW 

THOU  KWH 

CONSUMP 

HRS 

Cl 

1 

270. 

7413. 

0. 

0. 

0. 

Cl 

2 

201. 

4899. 

0. 

0. 

0. 

Cl 

3 

181. 

4952. 

0. 

0. 

0. 

Cl 

4 

0. 

0. 

0. 

0. 

0. 

Cl 

5 

0. 

0. 

287. 

213. 

0. 

Cl 

6 

0. 

0. 

563. 

405. 

0. 

Cl 

7 

0. 

0. 

563. 

419. 

0. 

Cl 

8 

0. 

0. 

563. 

419. 

0. 

Cl 

9 

0. 

0. 

563. 

405. 

0. 

Cl 

10 

0. 

0. 

0. 

0. 

0. 

Cl 

11 

157. 

4189. 

0. 

0. 

0. 

Cl 

12 

180. 

4952. 

0. 

0. 

0. 

13 
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COOLING  COOLING  HEAT 

DEMAND  CONSUMP  DEMAND 

TONS  TON-HRS  MBH 


PC -CUBE  VERSION  2.0.3 


PAGE  NO. 


RECOVBL  RECOVBL 


HEAT 

ELECT 

ELECT 

GEN 

SOLD 

HEAT 

HEAT 

CONSUMP 

DEMAND 

CONSUMP 

ELECT 

ELECT 

USED 

UNUSED 

MMBTU 

KW 

THOU  KWH 

THOU  KWH 

THOU  KWH 

MMBTU 

MMBTU 

Cl 

1 

0. 

Cl 

2 

0. 

Cl 

3 

0. 

Cl 

4 

0. 

Cl 

5 

269, 

Cl 

6 

710, 

Cl 

7 

710, 

Cl 

8 

710, 

Cl 

9 

710 

Cl 

10 

0 

Cl 

11 

0 

Cl 

12 

0 

0.  7632. 

0.  5637. 

0.  5049. 

0.  0. 

200426.  0. 

511449.  0. 

528498.  0, 

528498.  0. 

511449.  0, 

0.  0 

0.  4288 

0.  5009 


4711. 

3064. 

3064. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

2527. 

3064. 


0.  0. 

0.  0. 

0.  0. 

0.  0. 

287.  213. 

563.  405. 

563.  419. 

563.  419. 

563.  405. 

0.  0. 

0.  0. 

0.  0. 
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CENTRAL  PLANT  6003  BASELINE-2 
OPERATION  SCHEDULE  NO  1 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  PICKS  UP  THE  REMAINDER  OF  THE  LOAD,  ETC. 

OPERATION  SCHEDULE  NO  2 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  BOTH  THE  FIRST  AND  SECOND  SHARE  THE  LOAD  EQUALLY,  ETC. 


OPERATION  SCHEDULE  NO  3 

ALL  UNITS  ARE  TURNED  ON  AND  SHARE  THE  LOAD  EQUALLY. 


OPERATION  SCHEDULE  NO  4 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  THE  FIRST  UNIT  IS  STOPPED .  WHEN  THE  CAPACITY  (OR  CAPACITY 
TIMES  SWITCHOVER  FACTOR)  OF  THE  SECOND  UNIT  IS  REACHED,  A  THIRD  UNIT  IS  STARTED  AND  SHARES  THE  LOAD 
EQUALLY  WITH  THE  SECOND.  IF  THE  LOAD  IS  GREATER  THAN  THE  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER 
FACTOR)  OF  BOTH  UNITS,  THE  FIRST  IS  RESTARTED  AND  CARRIES  TOE  EXCESS  LOAD. 


GENERATOR  TYPES 

1  =  RECIPROCATING  engine 

2  =  GAS  TURBINE 

3  =  STEAM  TURBINE 


CHILLER  TYPES 

1  =  ABSORPTION 

2  -  STEAM  TURBINE 

3  =  ENGINE 

4  *  ELECTRIC  MOTOR 


1.2.64 


CENTRAL  PLANT  6003  BASELINE-2 

Cl 

GENERATOR  SYSTEM  TYPE  0 

DAYTYPE  12  3 

GENERATOR  START  TIME  000 

GENERATOR  STOP  TIME  000 


PC-CUBE  VERSION  2.0.3 


123  123  123 


PAGE  NO.  3 


ELECTRIC  COST  PER  KWH  .01370 

ELECTRIC  DEMAND  COST  PER  KW  1.78700 

MINIMUM  DEMAND  FRACTION  1.00000 

GAS  COST  PER  CUBIC  FOOT  .29200 

GAS  COST  ADJUSTMENT  PER  CUBIC  FOOT  .00000 

WINTER  GAS  RATE  MULTIPLIER  FOR  SUMMER  RATES  .00000 
STARTING  MONTH  FOR  SUMMER  GAS  RATE  0 
ENDING  MONTH  FOR  SUMMER  GAS  RATE  0 

AUXILIARY  FUEL  COST  PER  UNIT  .00000 


1.2.65 
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CENTRAL  PLANT  6003  BASELINE-2 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 
LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


1 

4  **  ELECTRIC  MOTOR  ** 

.25 

1000. 

0. 

0. 

0. 

.00 

RECOVERABLE  HEAT  AUXILIARY  FUEL  IN 

(BTU/HR)  (BTU/HR) 


AF  RECOVERABLE  HEAT 
(BTU/HR) 


10 

20 

30 

40 

50 

60 

70 

80 

90 

100 


0. 

0. 

0. 

0. 

1. 

1. 

1. 

1. 

1. 

1. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 


LOAD 

ENERGY  IN 
(BTU/HR  OR  KW) 

10 

48. 

20 

68. 

30 

91. 

40 

116. 

50 

142. 

60 

168. 

70 

193. 

80 

222. 

90 

253. 

100 

284. 

2 

4  **  ELECTRIC  MOTOR 
.00 
5346000. 

0. 

64. 

0. 

.28 

RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


** 


AUXILIARY  FUEL  IN 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


AF  RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


1.2.66 


CENTRAL  PLANT  6003  BASELINE- 2 


PC -CUBE  VERSION  2.0.3 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 
LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


4  **  ELECTRIC  MOTOR 


.00 

5346000. 

0. 

65. 

0. 

.28 

RECOVERABLE  HEAT 
(BTU/HR) 


AUXILIARY  FUEL  IN 
(BTU/HR) 


AF  RECOVERABLE  HEAT 
(BTU/HR) 


1.2.67 


PC -CUBE  VERSION  2.0.3 


PAGE  NO. 


6 


CENTRAL  PLANT  6003  BASELINE-2 


BOILER/HEATER  IDENT.  NO.  1 
MAXIMUM  OUTPUT,  BTU/HR  9370000. 
ELECTRIC  ACCESSORIES ,  KW  0. 
STEAM  ACCESSORIES,  BTU/HR  0. 


LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

2783500 

20 

3208350 

30 

4688000 

40 

6079750 

50 

7383600 

60 

8848600 

70 

10313600 

80 

11763950 

90 

13199650 

100 

14650000 

1.2.68 


PC-CUBE 


PAGE  NO 


7 


CENTRAL  PLANT  6003  BASELINE-2 

NUMBER  OF  EACH  DAY  TYPE  PER  MONTH 

MONTH  DAY  TYPE 

12  3 


JAN 

0 

0 

31 

FEB 

0 

0 

28 

MAR 

0 

0 

31 

APR 

22 

8 

0 

MAY 

23 

8 

0 

JUN 

20 

10 

0 

JUL 

23 

8 

0 

AUG 

22 

9 

0 

SEP 

22 

8 

0 

OCT 

23 

8 

0 

NOV 

0 

0 

30 

DEC 

0 

0 

31 

HEATING 


INPUT  ENERGY  LOADS  FOR  SYNTHETIC  LOADS  GENERATOR 
COOLING  ELECTRIC 


PROCESS 


PEAK 

LOAD 

PEAK 

LOAD 

DEMAND 

THOUSAND 

MILLION 

THOUSAND 

MILLION 

MONTH 

BTU/HR 

BTU 

BTU/HR 

BTU 

KILOWATT 

JAN 

.0 

.0 

.0 

.0 

.0 

FEB 

.0 

.0 

.0 

.0 

.0 

MAR 

.0 

.0 

.0 

.0 

.0 

APR 

6617.4 

1219.0 

.0 

.0 

.0 

MAY 

6617.4 

1180.0 

.0 

.0 

.0 

JUN 

6617.4 

1219.0 

.0 

.0 

.0 

JUL 

6617.4 

1219.0 

.0 

.0 

.0 

AUG 

6617.4 

1180.0 

.0 

.0 

.0 

SEP 

6617.4 

1180.0 

.0 

.0 

.0 

OCT 

6617.4 

1219.0 

.0 

.0 

.0 

NOV 

.0 

.0 

.0 

.0 

.0 

DEC 

.0 

.0 

.0 

.0 

.0 

TOTAL 

8416.0 

.0 

LOAD 

THOUSAND 

KWH 


.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


.0 


PEAK 

THOUSAND 

BTU/HR 

.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
■  0 
.0 
.0 


LOAD 

MILLION 

BTU 


.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


.0 


1.2.69 


PC-CUBE 


PAGE  HO 
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CENTRAL  PLANT  6003  BASELINE-2 


INPUT  LOAD  PROFILES 


HEATING 

HOUR  DAY  TYPE 

12  3 


COOLING 
DAY  TYPE 
12  3 


ELECTRIC 
DAY  TYPE 
12  3 


PROCESS 
DAY  TYPE 
12  3 


1 

.700 

.700 

.000 

.300 

2 

.700 

.700 

.000 

.300 

3 

.700 

.700 

.000 

.300 

4 

.700 

.700 

.000 

.300 

5 

.700 

.700 

.000 

.300 

6 

.700 

.700 

.000 

.300 

7 

.700 

.700 

.000 

.300 

8 

.700 

.700 

.000 

.300 

9 

.700 

.700 

.000 

.300 

10 

.700 

.700 

.000 

.300 

11 

.700 

.700 

.000 

.300 

12 

.700 

.700 

.000 

.300 

13 

.500 

.500 

.000 

.700 

14 

.500 

.500 

.000 

.700 

15 

.500 

.500 

.000 

.700 

16 

.500 

.500 

.000 

.700 

17 

.500 

.500 

.000 

.700 

18 

.500 

.700 

.000 

.700 

19 

.700 

.700 

.000 

.700 

20 

.700 

.700 

.000 

.700 

21 

.700 

.700 

.000 

.300 

22 

.700 

.700 

.000 

.300 

23 

.700 

.700 

.000 

.300 

24 

.700 

.700 

.000 

.300 

300 

.000 

.500 

.500 

.500 

300 

.000 

.500 

.500 

.500 

300 

.000 

.500 

.500 

.500 

300 

.000 

.500 

.500 

.500 

300 

.000 

.500 

.500 

.500 

300 

.000 

.700 

.700 

.700 

300 

.000 

.700 

.700 

.700 

300 

.000 

.700 

.700 

.700 

300 

.000 

.700 

.700 

.700 

300 

.000 

.700 

.700 

.700 

300 

.000 

.700 

.700 

.700 

300 

.000 

.700 

.700 

.700 

700 

.000 

.700 

.700 

.700 

700 

.000 

.700 

.700 

.700 

700 

.000 

.700 

.700 

.700 

700 

.000 

.700 

.700 

.700 

700 

.000 

.700 

.700 

.700 

700 

.000 

.700 

.700 

.700 

700 

.000 

.700 

.700 

.700 

700 

.000 

.500 

.500 

.500 

300 

.000 

.500 

.500 

.500 

300 

.000 

.500 

.500 

.500 

300 

.000 

.500 

.500 

.500 

300 

.000 

.500 

.500 

.500 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

PROFILE  ADJUSTMENT  START  AND  STOP  TIME,  NUMBER  OF  DAY  TYPES  TO  ADJUST 
HEATING  COOLING  ELECTRIC 


AND  LIMIT  OF  RANDOM  VARIATION 
PROCESS 


START  HOUR  0 

END  HOUR  24 

NO  DAY  TYPES  2 
ADJUST  LIMIT  .30 


0 

24 

2 

.30 


0 

24 

3 

.30 


0 

0 

0 

00 


HOURS  OF  AUXILIARY  FUEL  IN  EACH  MONTH 

00000000000 


1.2.70 


PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  6003  BASELINE-2 

SYSTEM  Cl  SUMMER  HW  LOAD  ONLY 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP . ,  1000  CU  FT  15997. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  82. 

ELECTRICAL  CONSUMPTION,  KWH  0. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  0. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

MID-PEAK  CONSUMPTION  KWH  0* 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0* 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  °* 

SOLD  ELECTRICAL  POWER  KWH  °* 


AUXILIARY  FUEL  CONSUMPTION  °* 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  0 

BOILER  OPERATING  HOURS 

BOILER  1  5136 

RECOVERABLE  HEAT  USED,  MBTU  °* 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


PAGE  NO.  9 


**  TOTAL  ** 


1.2.71 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


MONTHLY  MAXI  MUMS  AND  COUNT  OF  HOURS  THAT  COOLING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 

0.  0  0 

0.0  0 

0.0  0 

0.0  0 

0.0  0 

0.  0  0 

0.0  0 

0.  0  0 

0.  0  0 

0.  0  0 

o’.  o  0 

0.0  0 

MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  HEATING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 

0.0  0 

0.  0  0 

0.0  0 

0.0  0 

0.0  0 

0.0  0 

0.0  0 

0.0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 


PAGE  NO. 
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1.2.72 


MONTHLY  MAXI  MUMS  AND  COUNT  OF  HOURS  THAT  ELECTRICAL  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


COUNT  OF  COOLING  LOAD  HOURS 
JAN  0 

FEB  0 

MAR  0 

APR  0 

MAY  0 

JUN  0 

JUL  0 

AUG  0 

SEP  0 

OCT  0 

NOV  0 

DEC  0 


11 


1.2.73 


PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  6003  BASELINE-2 

ANNUAL  NUMBER  OF  HOURS  AT  10  PERCENT  INCREMENTS  OF  LOAD 


PAGE  NO.  12 


SYSTEM  Cl 

CHR 

SUMMER 

0-10 

HW  LOAD  ONLY 

11-20 

21-30 

31-40 

41-50 

51-60 

61-70 

71-80 

81-90 

91-100 

TOTAL 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

BLR 

0-10 

11-20 

21-30 

31-40 

41-50 

51-60 

61-70 

71-80 

81-90 

91-100 

TOTAL 

1 

0 

4092 

1044 

0 

0 

0 

0 

0 

0 

0 

5136 

1.2.74 


CENTRAL  PLANT  6003  BASELINE-2 


PC-CUBE  VERSION  2.0.3 


******************  PURCHASED  electrical 


GAS 

GAS 

ON-PK 

ON-PK 

MID-PK 

MID-PK 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

MCF 

MCF 

KW 

THOU  KWH 

KW 

THOU  KWH 

Cl 

1 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

2 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

3 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

4 

81. 

2273. 

0. 

0. 

0. 

0. 

Cl 

5 

77. 

2291. 

0. 

0. 

0. 

0. 

Cl 

6 

82. 

2271. 

0. 

0. 

0. 

0. 

Cl 

7 

79. 

2315. 

0. 

0. 

0. 

0. 

Cl 

8 

77. 

2291. 

0. 

0. 

0. 

0. 

Cl 

9 

79. 

2241. 

0. 

0. 

0. 

0. 

Cl 

10 

79. 

2315. 

0. 

0. 

0. 

0. 

Cl 

11 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

12 

0. 

0. 

0. 

0. 

0. 

0. 

***************** 
OFF-PK  OFF-PK 

DEMAND  CONSUME 

KW  THOU  KWH 


PAGE  NO. 


AUX  AUX 
FUEL  FUEL 
CONSUMP  HRS 

0.  0. 
0.  0. 
0.  0. 
0.  0. 
0.  0. 
0.  0. 
0.  0. 
0.  0. 
0.  0. 
0.  0. 
0.  0. 
0.  0. 
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1.2.75 


CENTRAL  PLANT  6003  BASELINE- 2 


PC-CUBE  VERSION  2.0.3 


COOLING 

COOLING 

HEAT 

HEAT 

ELECT 

ELECT 

GEN 

SOLD 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

demand 

CONSUMP 

ELECT 

ELECT 

TONS 

TON-HRS 

MBH 

MMBTU 

KW 

THOU  KWH 

THOU  KWH 

THOU  KWH 

PAGE  NO. 


RECOVBL  RECOVBL 

HEAT  HEAT 

USED  UNUSED 

MMBTU  MMBTU 


Cl 

1 

0. 

0. 

Cl 

2 

0. 

0. 

Cl 

3 

0. 

0. 

Cl 

4 

0. 

0. 

Cl 

5 

0. 

0. 

Cl 

6 

0. 

0. 

Cl 

7 

0. 

0. 

Cl 

8 

0. 

0. 

Cl 

9 

0. 

0. 

Cl 

10 

0. 

0. 

Cl 

11 

0. 

0. 

Cl 

12 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

2057. 

1219. 

0. 

1912. 

1180. 

0. 

2089. 

1219. 

0. 

1975. 

1219. 

0. 

1927. 

1180. 

0. 

1992. 

1180. 

0. 

1975. 

1219. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
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1.2.76 


APPENDIX  1.3 


PC-CUBE  ECO  RUN 


1.3.1 


CENTRAL  PLANT  730 


1.3.2 


PC-CUBE  VERSION  2.0.3 


PAGE  NO 


1 


CENTRAL  PLANT  730  CHILLER  CONTROL  ECO 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  SEASONS 


NUMBER  OF  SYSTEMS  1 
DIFFERENT  TYPE  GENERATORS  0 
DIFFERENT  TYPE  CHILLERS  2 
DIFFERENT  TYPE  BOILERS  OR  HEATERS  3 
NATURAL  GAS  HIGHER  HEATING  VALUE  1000. 
NATURAL  GAS  LOWER  HEATING  VALUE  951. 
AUXILIARY  FUEL 

AUXILIARY  FUEL  HEATING  VALUE  1- 
KILOWATT  DEMAND  BILLING  BASIS  (MINUTES)  15 
DEMAND  FACTOR*  (TIMES  HOURLY  KILOWATT  AVERAGE)  1.00 


SYSTEM 

ID 

GENERATOR 

OPERATION 

SCHEDULE 

CHILLER 

OPERATION 

SCHEDULE 

PERCENTAGE 

PROCESS  HEAT 

DIRECT  FIRED 

DIRECT  FIRED 

PROCESS  HEAT 

EFFICIENCY 

AF 

KEY 

PROC 

KEY 

STEAM 

TURB 

KEY 

AUX  FUEL  DESCRIPTION 

Cl 

0 

4 

0. 

100. 

0 

0 

0 

1. 

CHILLER  IDENTIFICATION  NUMBERS 

Cl  2100000000 

BOILER/HEATER  IDENTIFICATION  NUMBERS 

Cl  1230000000 

*  NOTE-  DEMAND  FACTOR  =  ESTIMATED  RATIO  OF  THE  MAXIMUM  DEMAND  THAT  WILL  BE  RECORDED 
DURING  THE  BILLING  PERIOD  TO  THE  MAXIMUM  HOURLY  DEMAND  COMPUTED. 


1.3,3 


PC -CUBE  VERSION  2.0.3 


PAGE  NO .  2 


CENTRAL  PLANT  730  CHILLER  CONTROL  ECO 
OPERATION  SCHEDULE  NO  1 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  PICKS  UP  THE  REMAINDER  OF  THE  LOAD,  ETC. 

OPERATION  SCHEDULE  NO  2 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  BOTH  THE  FIRST  AND  SECOND  SHARE  THE  LOAD  EQUALLY,  ETC. 

OPERATION  SCHEDULE  NO  3 

ALL  UNITS  ARE  TURNED  ON  AND  SHARE  THE  LOAD  EQUALLY. 


OPERATION  SCHEDULE  NO  4 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  THE  FIRST  UNIT  IS  STOPPED.  WHEN  THE  CAPACITY  (OR  CAPACITY 
TIMES  SWITCHOVER  FACTOR)  OF  THE  SECOND  UNIT  IS  REACHED,  A  THIRD  UNIT  IS  STARTED  AND  SHARES  THE  LOAD 
EQUALLY  WITH  THE  SECOND.  IF  THE  LOAD  IS  GREATER  THAN  THE  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER 
FACTOR)  OF  BOTH  UNITS,  THE  FIRST  IS  RESTARTED  AND  CARRIES  THE  EXCESS  LOAD. 


GENERATOR  TYPES 

1  =  RECIPROCATING  ENGINE 

2  =  GAS  TURBINE 

3  =  STEAM  TURBINE 


CHILLER  TYPES 

1  =  ABSORPTION 

2  =  STEAM  TURBINE 

3  =  ENGINE 

4  -  ELECTRIC  MOTOR 


1.3.4 


PAGE  NO.  3 

CENTRAL  PLANT  730  CHILLER  CONTROL  ECO 

Cl 

GENERATOR  SYSTEM  TYPE  0 

DAYTYPE  12  3  1 

GENERATOR  START  TIME  000 

GENERATOR  STOP  TIME  000 


ELECTRIC  COST  PER  KWH  .01370 

ELECTRIC  DEMAND  COST  PER  KW  1.78700 

MINIMUM  DEMAND  FRACTION  1.00000 

GAS  COST  PER  CUBIC  FOOT  .29200 

GAS  COST  ADJUSTMENT  PER  CUBIC  FOOT  .00000 

WINTER  GAS  RATE  MULTIPLIER  FOR  SUMMER  RATES  .00000 

STARTING  MONTH  FOR  SUMMER  GAS  RATE  0 
ENDING  MONTH  FOR  SUMMER  GAS  RATE  0 

AUXILIARY  FUEL  COST  PER  UNIT  .00000 


PC -CUBE  VERSION  2.0.3 


23  123  123 


CENTRAL  PLANT  730  CHILLER  CONTROL  ECO 


PC-CUBE  VERSION  2.0.3 


PAGE  NO. 


CHILLER  IDENTIFICATION  NO.  1 
CHILLER  TYPE  4 
PERCENT  OF  MAX  OUTPUT  TO  START  .00 
MAXIMUM  OUTPUT,  BTU/HR  7968000. 
PILOT  FUEL  IN,  BTU/HR  0- 
ELECTRIC  ACCESSORIES,  KW  151. 
STEAM  ACCESSORIES  BTU/HR  0. 
PERCENT  ACCESSORY  LOAD  TO  VARY  .15 


**  ELECTRIC  MOTOR 


LOAD 

ENERGY  IN 

RECOVERABLE  HEAT 

AUXILIARY  FUEL  IN 

(BTU/HR  OR  KW) 

(BTU/HR) 

(BTU/HR) 

10 

100. 

0. 

0. 

20 

141. 

0. 

0. 

30 

108. 

0. 

0. 

40 

241. 

0. 

0. 

50 

295. 

0. 

0. 

60 

348. 

0. 

0. 

70 

401. 

0. 

0. 

80 

459. 

0. 

0. 

90 

524. 

0. 

0. 

100 

589. 

0. 

0. 

AF  RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 


LOAD 


ENERGY  IN 


2 

4  **  ELECTRIC  MOTOR 
.00 
3725000. 

0. 

141. 

0. 

.16 

RECOVERABLE  HEAT 


AUXILIARY  FUEL  IN 


(BTU/HR  OR  KW) 

(BTU/HR) 

(BTU/HR) 

10 

41. 

0. 

0. 

20 

59. 

0. 

0. 

30 

78. 

0. 

0. 

40 

100. 

0. 

0. 

50 

122. 

0. 

0. 

60 

144. 

0. 

0. 

70 

166. 

0. 

0. 

80 

190. 

0. 

0. 

90 

217. 

0. 

0. 

100 

244. 

0. 

0. 

AF  RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
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CENTRAL  PLANT  730  CHILLER  CONTROL  ECO 


BOILER/HEATER  IDENT.  NO.  1 
MAXIMUM  OUTPUT,  BTU/HR  6160000. 
ELECTRIC  ACCESSORIES,  KW  87. 
STEAM  ACCESSORIES,  BTU/HR  0. 


LOAD  ENERGY  IN 

{BTU/HR  OR  KW) 


10 

1879860. 

20 

1831410. 

30 

2800410. 

40 

3798480. 

50 

4835310. 

60 

5804310. 

70 

6705480. 

80 

7655100. 

90 

8624100. 

100 

9690000. 

BOILER/HEATER  IDENT.  NO.  2 
MAXIMUM  OUTPUT,  BTU/HR  6160000. 
ELECTRIC  ACCESSORIES,  KW  0. 
STEAM  ACCESSORIES,  BTU/HR  0. 


LOAD  energy  in 

(BTU/HR  OR  KW) 


10 

1831410. 

20 

1967070 

30 

2945760 

40 

3934140 

50 

4922520 

60 

5891520 

70 

6734550 

80 

7664790 

90 

8595030 

100 

9690000 
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CENTRAL  PLANT  730  CHILLER  CONTROL  ECO 


BOILER/HEATER  IDENT.  NO.  3 
MAXIMUM  OUTPUT,  BTU/HR  6180000. 
ELECTRIC  ACCESSORIES,  KW  0. 
STEAM  ACCESSORIES,  BTU/HR  0. 


load  energy  in 

(BTU/HR  OR  KW) 


10 

1841100. 

20 

1976760. 

30 

2955450. 

40 

3924450. 

50 

4883760. 

60 

5852760. 

70 

6792690. 

80 

7752000. 

90 

8701620. 

100 

9690000. 

1.3.8 
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CENTRAL  PLANT  730  CHILLER  CONTROL  ECO 


MONTH  DAY  TYPE 

1  2 


NUMBER  OF  EACH  DAY  TYPE  PER  MONTH 


JAN  23 

FEB  20 

MAR  21 

APR  0 

MAY  23 

JUN  20 

JUL  23 

AUG  22 

SEP  22 

OCT  0 

NOV  21 

DEC  22 


8  0 

8  0 

10  0 

0  30 

8  0 

10  0 

8  0 

9  0 

8  0 

0  31 

9  0 

9  0 


HEATING 


INPUT  ENERGY  LOADS  FOR  SYNTHETIC  LOADS  GENERATOR 
COOLING  ELECTRIC 


PROCESS 


PEAK 

LOAD 

PEAK 

THOUSAND 

MILLION 

THOUSAND 

MONTH  BTU/ HR 

BTU 

BTU/ HR 

LOAD 

MILLION 

BTU 


DEMAND 

KILOWATT 


LOAD 

THOUSAND 

KWH 


PEAK 
THOUSAND 
BTU /HR 


LOAD 

MILLION 

BTU 


JAN 

15158.0 

6758.0 

.0 

.0 

FEB 

15158.0 

4865.0 

.0 

.0 

MAR 

15158.0 

3506.0 

.0 

.0 

APR 

.0 

.0 

.0 

.0 

MAY 

.0 

.0 

3119.0 

400.0 

JUN 

.0 

.0 

11526.0 

962.0 

JUL 

.0 

.0 

11526.0 

1193.0 

AUG 

.0 

.0 

11526.0 

1169.0 

SEP 

.0 

.0 

11526.0 

721.0 

OCT 

.0 

.0 

.0 

.0 

NOV 

8563.0 

2981.0 

.0 

.0 

DEC 

15158.0 

5644.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


.0 

.0 

.0 

-0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


TOTAL 


23754.0 


4445.0 


.0 
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CENTRAL  PLANT  730  CHILLER  CONTROL  ECO 

INPUT  LOAD  PROFILES 


HEATING 

HOUR  DAY  TYPE 

12  3 


COOLING  ELECTRIC 

DAY  TYPE  DAY  TYPE 

12  3  12  3 


PROCESS 
DAY  TYPE 
12  3 


1 

.000 

.000 

.000 

.000 

.000 

.000 

2 

.000 

.000 

.000 

.000 

.000 

.000 

3 

.000 

.000 

.000 

.000 

.000 

.000 

4 

.000 

.000 

.000 

.000 

.000 

.000 

5 

.000 

.000 

.000 

.000 

.000 

.000 

6 

.900 

.000 

.000 

.900 

.000 

.000 

7 

.900 

.000 

.000 

.900 

.000 

.000 

8 

.800 

.000 

.000 

.800 

.000 

.000 

9 

.700 

.000 

.000 

.700 

.000 

.000 

10 

.600 

.000 

.000 

.600 

.000 

.000 

11 

.500 

.000 

.000 

.500 

.000 

.000 

12 

.400 

.000 

.000 

.600 

.000 

.000 

13 

.300 

.000 

.000 

.600 

.000 

.000 

14 

.300 

.000 

.000 

.700 

.000 

.000 

15 

.300 

.000 

.000 

.700 

.000 

.000 

16 

.300 

.000 

.000 

.700 

.000 

.000 

17 

.000 

.000 

.000 

.000 

.000 

.000 

18 

.000 

.000 

.000 

.000 

.000 

.000 

19 

.000 

.000 

.000 

.000 

.000 

.000 

20 

.000 

.000 

.000 

.000 

.000 

.000 

21 

.000 

.000 

.000 

.000 

.000 

.000 

22 

.000 

.000 

.000 

.000 

.000 

.000 

23 

.000 

.000 

.000 

.000 

.000 

.000 

24 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

PROFILE  ADJUSTMENT  START  AND 
HEATING 


STOP  TIME,  NUMBER  OF  DAY  TYPES  TO  ADJUST  AND  LIMIT  OF  RANDOM  VARIATION 


COOLING 


ELECTRIC 


PROCESS 


START  HOUR  6 

END  HOUR  16 

NO  DAY  TYPES  1 
ADJUST  LIMIT  .20 


6 

16 

1 

.20 


0 

0 

0 

.00 


0 

0 

0 

00 


HOURS  OF  AUXILIARY  FUEL  IN  EACH  MONTH 

0  0  0  0  0  0  0 


0  0  0  0  0 
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CENTRAL  PLANT  730  CHILLER  CONTROL  ECO 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  SEASONS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP. ,  1000  CU  FT  25888. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  290. 

ELECTRICAL  CONSUMPTION,  KWH  721433. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  603. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  721433. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  603. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  1227 

CHILLER  2  646 

BOILER  OPERATING  HOURS 

BOILER  1  1619 

BOILER  2  1177 

BOILER  3  946 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


**  TOTAL  ** 


1.3.11 


MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  COOLING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
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JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 

0.  0  0 

0.0  0 

0.0  0 

0.0  0 

0.0  0 

0.  0  0 

0.  0  0 

0.0  0 

0.0  0 

0.0  0 

0.  0  0 

0.0  0 

MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  HEATING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 

0.  0  0 

0.  0  0 

0.0  0 

0.0  0 

0.0  0 

0.0  0 

0.0  0 

0.0  0 

0.0  0 

0.  0  0 

0.  0  0 

0.0  0 
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MONTHLY  MAXI  MUMS  AND  COUNT  OF  HOURS  THAT  ELECTRICAL  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
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SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

COUNT  OF 

COOLING 

LOAD 

HOURS 

JAN  0 

FEB  0 

MAR  0 

APR  0 

MAY  396 

JUN  337 

JUL  396 

AUG  372 

SEP  372 

OCT  0 

NOV  0 

DEC  0 
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CENTRAL  PLANT  730  CHILLER  CONTROL  ECO 

ANNUAL  NUMBER  OF  HOURS  AT  10  PERCENT  INCREMENTS  OF  LOAD 


SYSTEM  Cl 

NORMAL 

HEATING  AND 

COOLING 

SEASONS 

CHR 

0-10 

11-20 

21-30 

31-40 

41-50 

1 

663 

0 

11 

101 

97 

2 

0 

0 

0 

0 

105 

BLR 

0-10 

11-20 

21-30 

31-40 

41-50 

1 

0 

403 

39 

0 

0 

2 

0 

0 

55 

168 

8 

3 

0 

4 

216 

111 

602 

51-60 

61-70 

71-80 

CD 

H* 

VO 

O 

91-100 

TOTAL 

65 

46 

74 

82 

88 

1227 

275 

153 

113 

0 

0 

646 

51-60 

61-70 

71-80 

81-90 

91-100 

TOTAL 

0 

0 

0 

0 

1177 

1619 

0 

0 

0 

0 

946 

1177 

13 

0 

0 

0 

0 

946 
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CENTRAL  PLANT  730  CHILLER  CONTROL  ECO 


GAS 

GAS 

DEMAND 

CONSUMP 

MCF 

MCF 

Cl 

1 

287. 

6092. 

Cl 

2 

290. 

5282. 

Cl 

3 

287. 

5533. 

Cl 

4 

0. 

0. 

Cl 

5 

0. 

0. 

Cl 

6 

0. 

0. 

Cl 

7 

0. 

0. 

Cl 

8 

0. 

0. 

Cl 

9 

0. 

0. 

Cl 

10 

0. 

0. 

Cl 

11 

173. 

3152. 

Cl 

12 

287. 

5828. 

******************  PURCHASED 


ON-PK 

ON-PK 

MID-PK 

DEMAND 

CONSUMP 

DEMAND 

KW 

THOU  KWH 

KW 

87. 

31. 

0. 

r-* 

co 

26. 

0. 

87. 

28. 

0. 

0. 

0. 

0. 

265. 

CM 

CD 

0. 

559. 

118. 

0. 

591. 

143. 

0. 

603. 

138. 

0. 

431. 

101. 

0. 

0. 

0. 

0. 

00 

'j 

25. 

0. 

87. 

30. 

0. 

ELECTRICAL  ***************** 


MID-PK  OFF-PK  OFF-PK 

CONSUMP  DEMAND  CON SUMP 

THOU  KWH  KW  THOU  KWH 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  o. 

0.  0.  o. 

0.  0.  0. 

0.  0.  0. 

0.  0.  o. 

0.  0.  o. 

0.  0.  0. 


AUX  AUX 
FUEL  FUEL 
CONSUMP  HRS 

0.  0. 
0.  0. 
0.  0. 
0.  0. 
0.  0. 
0.  0. 
0.  0. 
0.  0. 
0.  0. 
0.  0. 
0.  0. 
0.  0. 
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CENTRAL  PLANT  730  CHILLER  CONTROL  ECO 

COOLING  COOLING  HEAT  HEAT 

DEMAND  CONSUMP  DEMAND  CONSUMP 

TONS  TON -HRS  MBH  MMBTU 


RECOVBL  RECOVBL 


ELECT 

ELECT 

GEN 

SOLD 

HEAT 

heat 

DEMAND 

CONSUMP 

ELECT 

ELECT 

USED 

UNUSED 

KW 

THOU  KWH 

THOU  KWH 

THOU  KWH 

MMBTU 

*fi*£BTU 

Cl 

1 

0. 

0. 

15157. 

3835 

Cl 

2 

0. 

0. 

15157. 

3334 

Cl 

3 

0. 

0. 

15157. 

3483 

Cl 

4 

0. 

0. 

0. 

0 

Cl 

5 

172. 

33333. 

0. 

0 

Cl 

6 

480. 

80167. 

0. 

0 

Cl 

7 

515. 

99416. 

0. 

0 

Cl 

8 

528. 

97414. 

0. 

0 

Cl 

9 

328. 

60082. 

0. 

0 

Cl 

10 

0. 

0. 

0. 

0 

Cl 

11 

0. 

0. 

8562. 

1978 

Cl 

12 

0. 

0. 

15157. 

3668 

87. 

31. 

0. 

0. 

0. 

87. 

26. 

0. 

0. 

0. 

CD 

28. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

265. 

82. 

0. 

0. 

0. 

559. 

118. 

0. 

0. 

0. 

591. 

143. 

0. 

0. 

0. 

603. 

138. 

0. 

0. 

0. 

431. 

101. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

87. 

25. 

0. 

0. 

0. 

87. 

30. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
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CENTRAL  PLANT  730  BOILER  CONTROL -1  ECO 


SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  SEASONS 


NUMBER  OF  SYSTEMS 
DIFFERENT  TYPE  GENERATORS 
DIFFERENT  TYPE  CHILLERS 
DIFFERENT  TYPE  BOILERS  OR  HEATERS 
NATURAL  GAS  HIGHER  HEATING  VALUE 
NATURAL  GAS  LOWER  HEATING  VALUE 
AUXILIARY  FUEL 

AUXILIARY  FUEL  HEATING  VALUE 
KILOWATT  DEMAND  BILLING  BASIS  (MINUTES) 

DEMAND  FACTOR*  (TIMES  HOURLY  KILOWATT  AVERAGE) 


1 

0 

1 

3 

1000. 

951. 

1. 

15 

1.00 


SYSTEM 

ID 

GENERATOR 

OPERATION 

SCHEDULE 

CHILLER 

OPERATION 

SCHEDULE 

PERCENTAGE 
PROCESS  HEAT 
DIRECT  FIRED 

DIRECT  FIRED 
PROCESS  HEAT 
EFFICIENCY 

AF 

KEY 

PROC 

KEY 

STEAM 

TURB 

KEY 

AUX  FUEL  DESCRIPTION 

Cl 

0 

1 

0. 

100. 

0 

0 

0 

1. 

CHILLER  IDENTIFICATION  NUMBERS 

Cl  1000000000 

BOILER/HEATER  IDENTIFICATION  NUMBERS 

Cl  1230000000 

*  NOTE-  DEMAND  FACTOR  =  ESTIMATED  RATIO  OF  THE  MAXIMUM  DEMAND  THAT  WILL  BE  RECORDED 
DURING  THE  BILLING  PERIOD  TO  THE  MAXIMUM  HOURLY  DEMAND  COMPUTED. 
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CENTRAL  PLANT  730  BOILER  CONTROL -1  ECO 
OPERATION  SCHEDULE  NO  1 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  PICKS  UP  THE  REMAINDER  OF  THE  LOAD ,  ETC. 

OPERATION  SCHEDULE  NO  2 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  BOTH  THE  FIRST  AND  SECOND  SHARE  THE  LOAD  EQUALLY,  ETC. 

OPERATION  SCHEDULE  NO  3 

ALL  UNITS  ARE  TURNED  ON  AND  SHARE  THE  LOAD  EQUALLY. 


OPERATION  SCHEDULE  NO  4 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  THE  FIRST  UNIT  IS  STOPPED.  WHEN  THE  CAPACITY  (OR  CAPACITY 
TIMES  SWITCHOVER  FACTOR)  OF  THE  SECOND  UNIT  IS  REACHED,  A  THIRD  UNIT  IS  STARTED  AND  SHARES  THE  LOAD 
»Y  second!  IF  THE  LOAD  IS  GREATER  THAN  THE  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER 

FACTOR)  OF  BOTH  UNITS,  THE  FIRST  IS  RESTARTED  AND  CARRIES  THE  EXCESS  LOAD. 


GENERATOR  TYPES 

1  =  RECIPROCATING  ENGINE 

2  =  GAS  TURBINE 

3  =  STEAM  TURBINE 


CHILLER  TYPES 

1  =  ABSORPTION 

2  =  STEAM  TURBINE 

3  =  ENGINE 

4  -  ELECTRIC  MOTOR 
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CENTRAL  PLANT  730  BOILER  CONTROL -1  ECO 

Cl 

GENERATOR  SYSTEM  TYPE  0 

DAYTYPE  12  3  1 

GENERATOR  START  TIME  000 

GENERATOR  STOP  TIME  000 


ELECTRIC  COST  PER  KWH  .01370 

ELECTRIC  DEMAND  COST  PER  KW  1.78700 

MINIMUM  DEMAND  FRACTION  1.00000 

GAS  COST  PER  CUBIC  FOOT  .29200 

GAS  COST  ADJUSTMENT  PER  CUBIC  FOOT  .00000 

WINTER  GAS  RATE  MULTIPLIER  FOR  SUMMER  RATES  .00000 

STARTING  MONTH  FOR  SUMMER  GAS  RATE  0 
ENDING  MONTH  FOR  SUMMER  GAS  RATE  0 

AUXILIARY  FUEL  COST  PER  UNIT  .00000 


1.3.19 
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CENTRAL  PLANT  730  BOILER  CONTROL- 1  ECO 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 
LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

100 

20 

141 

30 

188 

40 

241 

50 

295 

60 

348 

70 

401 

80 

459 

90 

524 

100 

589 

1 

4  **  ELECTRIC  MOTOR 
.00 
7968000. 

0. 

280. 

0. 

.08 

RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


** 


AUXILIARY  FUEL  IN 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


AF  RECOV ERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


1.3.20 
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CENTRAL  PLANT  730  BOILER  CONTROL-1  ECO 


BOILER/HEATER  IDENT.  NO.  1 
MAXIMUM  OUTPUT,  BTU/HR  6170000. 
ELECTRIC  ACCESSORIES,  KW  87. 
STEAM  ACCESSORIES,  BTU/HR  0. 


LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

1079860. 

20 

1831410. 

30 

2800410, 

40 

3798480, 

50 

4835310 

60 

5804310 

70 

6705480 

80 

7655100 

90 

8624100 

100 

9690000 

BOILER/HEATER  IDENT.  NO.  2 
MAXIMUM  OUTPUT,  BTU/HR  6170000. 
ELECTRIC  ACCESSORIES,  KW  0. 
STEAM  ACCESSORIES,  BTU/HR  0. 


ENERGY  IN 
(BTU/HR  OR  KW) 


10 

20 

30 

40 

50 

60 

70 

80 

90 

100 


1831410. 

1967070. 

2945760. 

3934140. 

4922520. 

5091520. 

6734550. 

7664790. 

8595030. 

9690000. 


1.3.21 
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CENTRAL  PLANT  730  BOILER  CONTROL- 1  ECO 


BOILER/HEATER  IDENT. 

NO. 

3 

MAXIMUM  OUTPUT,  BTU/HR  6190000. 

ELECTRIC  ACCESSORIES 

,  KW 

0. 

STEAM  ACCESSORIES,  BTU/HR 

0. 

LOAD 

ENERGY  IN 

(BTU/HR  OR  KW) 

10 

1841100. 

20 

1976760. 

30 

2955450. 

40 

3924450. 

50 

4883760. 

60 

5852760. 

70 

6792690. 

80 

7752000. 

90 

8701620. 

100 

9690000. 

1.3.22 
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CENTRAL 


MONTH 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


MONTH 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


PLANT  730  BOILER  CONTROL -1  ECO 


DAY  TYPE 
12  3 


NUMBER  OF  EACH  DAY  TYPE  PER  MONTH 


23  8  0 

20  8  0 

21  10  0 

0  0  30 

23  8  0 

20  10  0 

23  8  0 

22  9  0 

22  8  0 

0  0  31 

21  9  0 

22  9  0 


HEATING 


INPUT  ENERGY  LOADS  FOR  SYNTHETIC  LOADS  GENERATOR 
COOLING  ELECTRIC 


PEAK 

LOAD 

PEAK 

THOUSAND 

MILLION 

THOUSAND 

BTU/HR 

BTU 

BTU/HR 

15158.0 

6758.0 

.0 

15158.0 

4865.0 

.0 

15158.0 

3506.0 

.0 

.0 

.0 

.0 

.0 

.0 

3119.0 

.0 

.0 

11526.0 

.0 

.0 

11526.0 

.0 

.0 

11526.0 

.0 

.0 

11526.0 

.0 

.0 

.0 

8563.0 

2981.0 

.0 

15158.0 

5644.0 

.0 

LOAD 

DEMAND 

LOAD 

MILLION 

THOUSAND 

BTU 

KILOWATT 

KWH 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

400.0 

.0 

.0 

692.0 

.0 

.0 

1193.0 

.0 

.0 

1169.0 

.0 

.0 

721.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

4175.0 

.0 

PROCESS 


PEAK 

THOUSAND 

BTU/HR 

.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
•  0 
.0 
.0 


LOAD 

MILLION 

BTU 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


TOTAL 


23754.0 


0 


PC-CUBE 
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CENTRAL  PLANT  730  BOILER  CONTROL -1  ECO 

INPUT  LOAD  PROFILES 


HEATING 

HOUR  DAY  TYPE 

12  3 


COOLING  ELECTRIC 

DAY  TYPE  DAY  TYPE 

12  3  12  3 


PROCESS 
DAY  TYPE 
12  3 


1 

.000 

.000 

.000 

.000 

.000 

.000 

2 

.000 

.000 

.000 

.000 

.000 

.000 

3 

.000 

.000 

.000 

.000 

.000 

.000 

4 

.000 

.000 

.000 

.000 

.000 

.000 

5 

.000 

.000 

.000 

.000 

.000 

.000 

6 

.900 

.000 

.000 

.900 

.000 

.000 

7 

.900 

.000 

.000 

.900 

.000 

.000 

8 

.800 

.000 

.000 

.800 

.000 

.000 

9 

.700 

.000 

.000 

.700 

.000 

.000 

10 

.600 

.000 

.000 

.600 

.000 

.000 

11 

.500 

.000 

.000 

.500 

.000 

.000 

12 

.400 

.000 

.000 

.600 

.000 

.000 

13 

.300 

.000 

.000 

.600 

.000 

.000 

14 

.300 

.000 

.000 

.700 

.000 

.000 

15 

.300 

.000 

.000 

.700 

.000 

.000 

16 

.300 

.000 

.000 

.700 

.000 

.000 

17 

.000 

.000 

.000 

.000 

.000 

.000 

18 

.000 

.000 

.000 

.000 

.000 

.000 

19 

.000 

.000 

.000 

.000 

.000 

.000 

20 

.000 

.000 

.000 

.000 

.000 

.000 

21 

.000 

.000 

.000 

.000 

.000 

.000 

22 

.000 

.000 

.000 

.000 

.000 

.000 

23 

.000 

.000 

.000 

.000 

.000 

.000 

24 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

PROFILE  ADJUSTMENT  START  AND 
HEATING 


STOP  TIME,  NUMBER  OF  DAY  TYPES  TO  ADJUST  AND  LIMIT 
COOLING  ELECTRIC 


OF  RANDOM  VARIATION 
PROCESS 


START  HOUR  6  6 

END  HOUR  16  16 

NO  DAY  TYPES  1  1 

ADJUST  LIMIT  .20  .20 


0 

0 

0 

.00 


0 

0 

0 

-00 


HOURS  OF  AUXILIARY  FUEL  IN  EACH  MONTH 

ooooooooooo 


1.3.24 


PC -CUBE  VERSION  2.0.3 


CENTRAL  PLANT  730  BOILER  CONTROL-1  ECO 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  SEASONS 

FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 


TOTAL  GAS  CONSUMP.,  1000  CU  FT 
PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT 


25847. 

290. 


ELECTRICAL  CONSUMPTION,  KWH 
PEAK  KW  DEMAND  (15  MIN  BASIS) 
PURCHASED  ELECTRIC  POWER 
ON-PEAK  CONSUMPTION  KWH 
ON-PEAK  KW  DEMAND  (15  MIN  BASIS) 
MID-PEAK  CONSUMPTION  KWH 
MID-PEAK  KW  DEMAND  (15  MIN  BASIS) 
OFF-PEAK  CONSUMPTION  KWH 
OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 
GENERATED  ELECTRICAL  POWER  KWH 
SOLD  ELECTRICAL  POWER  KWH 


1011890. 

732. 

1011890. 

732. 

0. 

0. 

0. 

0. 

0. 

0. 


AUXILIARY  FUEL  CONSUMPTION 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF 
CHILLER  OPERATING  HOURS 


CHILLER  1  1873 
BOILER  OPERATING  HOURS 

BOILER  1  1619 
BOILER  2  1177 
BOILER  3  946 


RECOVERABLE  HEAT  USED,  MBTU 
RECOVERABLE  HEAT  UNUSED,  MBTU 


PAGE  NO .  9 


**  TOTAL  ** 


1.3.25 


MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  COOLING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 


PAGE  NO 


10 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 

0.  0  0 

0.0  0 
0.  0  0 

0.  o  o 

o.oo 
0.  0  0 

0.0  0 

0.  o  o 

0.0  0 

o.oo 
0.0  0 

0.  o  o 

MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  HEATING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 

SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 

0.0  0 

o.oo 
o.oo 
0.0  0 

0.  0  0 

o.oo 
0.  o  o 

0.0  0 

0.  0  0 

0.0  0 

0.0  0 

0.0  0 


1.3.26 


MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  ELECTRICAL  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

COUNT  OF 

COOLING 

LOAD 

HOURS 

JAN  0 

FEB  0 

MAR  0 

APR  0 

MAY  396 

JUN  337 

JUL  396 

AUG  372 

SEP  372 

OCT  0 

NOV  0 

DEC  0 
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CENTRAL  PLANT  730  BOILER  CONTROL -1  ECO 

ANNUAL  NUMBER  OF  HOURS  AT  10  PERCENT  INCREMENTS  OF  LOAD 


SYSTEM  Cl 

NORMAL 

HEATING  AND 

COOLING 

CHR 

0-10 

11-20 

21-30 

1 

663 

148 

161 

BLR 

0-10 

11-20 

21-30 

1 

0 

403 

39 

2 

0 

0 

55 

3 

0 

4 

216 

SEASONS 

31-40 

41-50 

51-60 

61-70 

262 

212 

216 

120 

31-40 

41-50 

51-60 

61-70 

0 

0 

0 

0 

168 

8 

0 

0 

129 

584 

13 

0 

71-80 

81-90 

91-100 

TOTAL 

91 

0 

0 

1873 

71-80 

81-90 

91-100 

TOTAL 

0 

0 

1177 

1619 

0 

0 

946 

1177 

0 

0 

0 

946 

1.3.28 


CENTRAL  PLANT  730  BOILER  CONTROL -1  ECO 


PC-CUBE  VERSION  2.0.3 


PAGE  NO. 


******************  PURCHASED 


GAS 

GAS 

ON-PK 

ON-PK 

MID-PK 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

DEMAND 

MCF 

MCF 

KW 

THOU  KWH 

KW 

ELECTRICAL  ***************** 

MID-PK  OFF-PK  OFF-PK  AUX  AUX 

CONSUMP  DEMAND  CONSUMP  FUEL  FUEL 

THOU  KWH  KW  THOU  KWH  CONSUMP  HRS 


Cl 

1 

287. 

6083. 

Cl 

2 

290. 

5274. 

Cl 

3 

287. 

5525. 

Cl 

4 

0. 

0. 

Cl 

5 

0. 

0. 

Cl 

6 

0. 

0. 

Cl 

7 

0. 

0. 

Cl 

8 

0. 

0, 

Cl 

9 

0. 

0 

Cl 

10 

0. 

0 

Cl 

11 

173. 

3147 

Cl 

12 

287. 

5819 

87. 

31. 

0. 

t" 

CO 

26. 

0. 

87. 

28. 

0. 

0. 

0. 

0. 

432. 

153. 

0. 

576. 

152. 

0. 

720. 

205. 

0. 

732. 

196. 

0. 

560. 

165. 

0. 

0. 

0. 

0. 

87. 

25. 

0. 

87. 

30. 

0. 

0.  0. 

0.  0. 

0.  o. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  o. 

0.  0. 

0.  0. 


0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 
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1.3.29 


PC -CUBE  VERSION  2.0.3 

CENTRAL  PLANT  730  BOILER  CONTROL -1  ECO 


COOLING 

COOLING 

HEAT 

HEAT 

ELECT 

ELECT 

GEN 

SOLD 

DEMAND 

CONSUME 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

ELECT 

ELECT 

TONS 

TON -HRS 

MBH 

MMBTU 

KW 

THOU  KWH 

THOU  KWH 

THOU  KWH 

PAGE  NO. 


RECOVBL  RECOVBL 

HEAT  HEAT 

USED  UNUSE) 

MMBTU  MMBTU 


Cl 

1 

0. 

0. 

15157. 

3835. 

87. 

31- 

Cl 

2 

0. 

0. 

15157. 

3334. 

87. 

26, 

Cl 

3 

0. 

0. 

15157. 

3483. 

87. 

28, 

Cl 

4 

0. 

0. 

0. 

0. 

0. 

0, 

Cl 

5 

172. 

33333. 

0. 

0. 

432. 

153, 

Cl 

6 

347. 

57667. 

0. 

0. 

576. 

152, 

Cl 

7 

515. 

99416. 

0. 

0. 

720. 

205, 

Cl 

8 

528. 

97414. 

0. 

0. 

732. 

196, 

Cl 

9 

328. 

60082. 

0. 

0. 

560. 

165, 

Cl 

10 

0. 

0. 

0. 

0. 

0. 

0 

Cl 

11 

0. 

0. 

8562. 

1978. 

87. 

25 

Cl 

12 

0. 

0. 

15157. 

3668. 

87. 

30 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
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1.3.30 


PC-CUBE  VERSION  2.0.3 


PAGE  NO. 
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CENTRAL  PLANT  730  BOILER  CONTROL-2  ECO 

SYSTEM  Cl  OFF  SEASON  COOLONG,  DOMESTIC  HW,  AND  DISTR.  LOSS 


NUMBER  OF  SYSTEMS  1 
DIFFERENT  TYPE  GENERATORS  0 
DIFFERENT  TYPE  CHILLERS  1 
DIFFERENT  TYPE  BOILERS  OR  HEATERS  1 
NATURAL  GAS  HIGHER  HEATING  VALUE  1000. 
NATURAL  GAS  LOWER  HEATING  VALUE  951. 
AUXILIARY  FUEL 

AUXILIARY  FUEL  HEATING  VALUE  1- 
KILOWATT  DEMAND  BILLING  BASIS  (MINUTES)  15 
DEMAND  FACTOR*  (TIMES  HOURLY  KILOWATT  AVERAGE)  1.00 


GENERATOR  CHILLER 
SYSTEM  OPERATION  OPERATION 
ID  SCHEDULE  SCHEDULE 

DESCRIPTION 


PERCENTAGE  DIRECT  FIRED 
PROCESS  HEAT  PROCESS  HEAT 
DIRECT  FIRED  EFFICIENCY 


Cl 


100. 


1. 


STEAM 

AF  PROC  TURB 

KEY  KEY  KEY  AUX  FUEL 

0  0  0 


CHILLER  IDENTIFICATION  NUMBERS 

Cl  1000000000 

BOILER/ HEATER  IDENTIFICATION  NUMBERS 

Cl  1000000000 

*  NOTE-  DEMAND  FACTOR  =  ESTIMATED  RATIO  OF  THE  MAXIMUM  DEMAND  THAT  WILL  BE  RECORDED 
DURING  THE  BILLING  PERIOD  TO  THE  MAXIMUM  HOURLY  DEMAND  COMPUTED. 


1.3.31 


PC-CUBE  VERSION  2.0.3 


PAGE  NO.  2 


CENTRAL  PLANT  730  BOILER  CONTROL -2  ECO 
OPERATION  SCHEDULE  NO  1 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  PICKS  UP  THE  REMAINDER  OF  THE  LOAD,  ETC. 

OPERATION  SCHEDULE  NO  2 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  BOTH  THE  FIRST  AND  SECOND  SHARE  THE  LOAD  EQUALLY,  ETC. 


OPERATION  SCHEDULE  NO  3 

ALL  UNITS  ARE  TURNED  ON  AND  SHARE  THE  LOAD  EQUALLY. 


OPERATION  SCHEDULE  NO  4 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  THE  FIRST  UNIT  IS  STOPPED.  WHEN  THE  CAPACITY  (OR  CAPACITY 
TIMES  SWITCHOVER  FACTOR)  OF  THE  SECOND  UNIT  IS  REACHED,  A  THIRD  UNIT  IS  STARTED  AND  SHARES  THE  LOAD 
EQUALLY  WITH  THE  SECOND.  IF  THE  LOAD  IS  GREATER  THAN  THE  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER 
FACTOR)  OF  BOTH  UNITS,  THE  FIRST  IS  RESTARTED  AND  CARRIES  THE  EXCESS  LOAD. 


GENERATOR  TYPES 

1  =  RECIPROCATING  ENGINE 

2  =  GAS  TURBINE 

3  =  STEAM  TURBINE 


CHILLER  TYPES 

1  =  ABSORPTION 

2  =  STEAM  TURBINE 

3  =  ENGINE 

4  =  ELECTRIC  MOTOR 


1*3.32 
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CENTRAL  PLANT  730  BOILER  CONTROL-2  ECO 

Cl 

GENERATOR  SYSTEM  TYPE  0 

DAYTYFE  123  123  123  123 

GENERATOR  START  TIME  000 

GENERATOR  STOP  TIME  000 


ELECTRIC  COST  PER  KWH  .01370 

ELECTRIC  DEMAND  COST  PER  KW  1.78700 

MINIMUM  DEMAND  FRACTION  1.00000 

GAS  COST  PER  CUBIC  FOOT  .29200 

GAS  COST  ADJUSTMENT  PER  CUBIC  FOOT  .00000 

WINTER  GAS  RATE  MULTIPLIER  FOR  SUMMER  RATES  .00000 

STARTING  MONTH  FOR  SUMMER  GAS  RATE  0 
ENDING  MONTH  FOR  SUMMER  GAS  RATE  0 

AUXILIARY  FUEL  COST  PER  UNIT  .00000 


1.3.33 


CENTRAL  PLANT  730  BOILER  CONTROL -2  ECO 


PC-CUBE  VERSION  2.0.3 


PAGE  NO. 


CHILLER 

IDENTIFICATION  NO. 

1 

CHILLER 

TYPE 

4 

**  ELECTRIC  MOTOR 

** 

PERCENT 

OF  MAX 

OUTPUT  TO  START 

.00 

MAXIMUM 

OUTPUT, 

,  BTU/HR 

3725000. 

PILOT  FUEL  IN, 

BTU/HR 

0. 

ELECTRIC  ACCESSORIES,  KW 

54. 

STEAM  ACCESSORIES  BTU/HR 

0. 

PERCENT 

ACCESSORY  LOAD  TO  VARY 

.16 

LOAD 

ENERGY  IN 

RECOVERABLE  HEAT 

AUXILIARY  FUEL  IN 

(BTU/HR  OR  KW) 

(BTU/HR) 

(BTU/HR) 

10 

41. 

0. 

0. 

20 

59. 

0. 

0. 

30 

78. 

0. 

0. 

40 

100. 

0. 

0. 

50 

122. 

0. 

0. 

60 

144. 

0. 

0. 

70 

166. 

0. 

0. 

80 

190. 

0. 

0. 

90 

217. 

0. 

0. 

100 

244. 

0. 

0. 

AF  RECOVERABLE  HEAT 
( BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


1.3.34 


PC-CUBE  VERSION  2.0.3 


PAGE  NO, 


5 


CENTRAL  PLANT  730  BOILER  CONTROL-2  ECO 


BOILER/HEATER  IDENT.  NO.  1 
MAXIMUM  OUTPUT/  BTU/HR  2120000. 
ELECTRIC  ACCESSORIES,  KW  43. 
STEAM  ACCESSORIES,  BTU/HR  0. 


LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

627480 

20 

680600 

30 

1019240 

40 

1354560 

50 

1686560 

60 

2018560 

70 

2347240 

80 

2672600 

90 

2997960 

100 

3320000 

1.3.35 


PAGE  NO, 
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CENTRAL  PLANT  730  BOILER  CONTROL-2  ECO 


PC-CUBE 


NUMBER  OF  EACH  DAY  TYPE  PER  MONTH 


MONTH 

DAY  TYPE 

1  2 

3 

JAN 

0 

0 

31 

FEB 

0 

0 

28 

MAR 

0 

0 

31 

APR 

22 

8 

0 

MAY 

23 

8 

0 

JUN 

20 

10 

0 

JUL 

23 

8 

0 

AUG 

22 

9 

0 

SEP 

22 

8 

0 

OCT 

23 

8 

0 

NOV 

0 

0 

30 

DEC 

0 

0 

31 

BIEATING 


INPUT  ENERGY  LOADS  FOR  SYNTHETIC  LOADS  GENERATOR 
COOLING  ELECTRIC 


PROCESS 


PEAK 

LOAD 

PEAK 

LOAD 

THOUSAND 

MILLION 

THOUSAND 

MILLION 

MONTH 

BTU/HR 

BTU 

BTU/HR 

BTU 

JAN 

.0 

.0 

.0 

.0 

FEB 

.0 

.0 

.0 

.0 

MAR 

.0 

.0 

.0 

.0 

APR 

566.0 

151.0 

992.0 

18.0 

MAY 

566.0 

156.0 

.0 

.0 

JUN 

566.0 

151.0 

.0 

.0 

JUL 

566.0 

156.0 

.0 

.0 

AUG 

566.0 

156.0 

.0 

.0 

SEP 

566.0 

151.0 

.0 

.0 

OCT 

566.0 

156.0 

2244.0 

22.0 

NOV 

.0 

.0 

.0 

.0 

DEC 

.0 

.0 

.0 

.0 

TOTAL 

1077.0 

40.0 

DEMAND 

KILOWATT 


LOAD 

THOUSAND 

KWH 


PEAK 

THOUSAND 

BTU/HR 


LOAD 

MILLION 

BTU 


.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


.0 


.0 


1.3.36 


PC -CUBE 


PAGE  NO 


7 


CENTRAL  PLANT  730  BOILER  CONTROL-2  ECO 

INPUT  LOAD  PROFILES 

HEATING  COOLING  ELECTRIC  PROCESS 


HOUR 

DAY 

TYPE 

DAY 

TYPE 

DAY 

TYPE 

DAY 

TYPE 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

2 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

3 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

4 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

5 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

6 

.100 

.000 

.000 

.800 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

7 

.100 

.000 

.000 

.800 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

8 

.500 

.000 

.000 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

9 

.500 

.000 

.000 

.600 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

10 

.500 

.000 

.000 

.500 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

11 

.600 

.000 

.000 

.400 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

12 

.800 

.000 

.000 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

13 

.800 

.000 

.000 

.400 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

14 

.600 

.000 

.000 

.400 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

15 

.700 

.000 

.000 

.400 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

16 

.400 

.000 

.000 

.400 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

17 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

18 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

19 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

20 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

21 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

22 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

23 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

24 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

PROFILE  ADJUSTMENT  START  AND 
HEATING 


STOP  TIME,  NUMBER  OF  DAY  TYPES  TO  ADJUST  AND  LIMIT  OF  RANDOM  VARIATION 


COOLING 


ELECTRIC 


PROCESS 


START  HOUR  6  6 

END  HOUR  16  16 

NO  DAY  TYPES  1  1 

ADJUST  LIMIT  .30  .20 


0 

0 

0 

.00 


0 

0 

0 

.00 


HOURS  OF  AUXILIARY  FUEL  IN  EACH  MONTH 

oooooooooooo 


1.3.37 


PC-CUBI  VERSION  2.0.3 

CENTRAL  PLANT  730  BOILER  CONTROL-2  ECO 

SYSTEM  Cl  OFF  SEASON  COOLONG,  DOMESTIC  HW,  AND  DISTR.  LOSS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP . ,  1000  CU  FT  1573. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  12. 

ELECTRICAL  CONSUMPTION,  KWH  145029. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  130. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  145029. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  130. 


MID-PEAK  CONSUMPTION  KWH 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  °- 

AUXILIARY  FUEL  CONSUMPTION  °- 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  768 

BOILER  OPERATING  HOURS 

BOILER  1  l807 


RECOVERABLE  HEAT  USED,  MBTU 
RECOVERABLE  HEAT  UNUSED,  MBTU 


PAGE  NO.  8 

**  TOTAL  ** 


1.3.38 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  COOLING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 

0.  0  0 

0.0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.0  0 

0.  0  0 

0.  0  0 

0.0  0 

0.  0  0 

0.  0  0 

0.0  0 

MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  HEATING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 

0.0  0 

0.  0  0 

0.  0  0 

0.0  0 

0.0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.0  0 

0.  0  0 

0.  0  0 

0.  0  0 


PAGE  NO.  9 


1.3.39 


MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  ELECTRICAL  LOAD  EXCEEDED  EQUIPMENT  CAPACITY  PAGE  NO.  10 

SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

COUNT  OF 

COOLING 

LOAD 

HOURS 

JAN  0 

FEB  0 

MAR  0 

APR  372 

MAY  0 

JUN  0 

JUL  0 

AUG  0 

SEP  0 

OCT  396 

NOV  0 

DEC  0 


1.3.40 


PC -CUBE  VERSION  2.0.3 


PAGE  NO.  11 


CENTRAL  PLANT  730  BOILER  CONTROL -2  ECO 

ANNUAL  NUMBER  OF  HOURS  AT  10  PERCENT  INCREMENTS  OF  LOAD 


SYSTEM  Cl 

CHR 

TOTAL 

OFF  SEASON 

0-10 

COOLONG, 

11-20 

DOMESTIC 

21-30 

HW,  AND 
31-40 

DISTR.  LOSS 

41-50 

51-60 

61-70 

71-80 

81-90 

91-100 

1 

768 

768 

0 

0 

0 

0 

0 

0 

0 

0 

0 

BLR 

TOTAL 

0-10 

11-20 

21-30 

31-40 

41-50 

51-60 

61-70 

71-80 

81-90 

91-100 

1 

1807 

0 

102 

1632 

73 

0 

0 

0 

0 

0 

0 

1.3.41 


PC -CUBE  VERSION  2.0.3 
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CENTRAL  PLANT  730  BOILER  CONTROL-2  ECO 


****************** 


GAS 

GAS 

ON-PK 

ON-PK 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

MCF 

MCF 

KW 

THOU  KWH 

Cl 

1 

0. 

0. 

0. 

0. 

Cl 

2 

0. 

0. 

0. 

0. 

Cl 

3 

0. 

0. 

0. 

0. 

Cl 

4 

12. 

223. 

130. 

43. 

Cl 

5 

12. 

234. 

43. 

12. 

Cl 

6 

12. 

204. 

43. 

10. 

Cl 

7 

12. 

234. 

43. 

12. 

Cl 

8 

12. 

223. 

43. 

11. 

Cl 

9 

12. 

223. 

43. 

11. 

Cl 

10 

12. 

234. 

130. 

46. 

Cl 

11 

0. 

0. 

0. 

0. 

Cl 

12 

0. 

0. 

0. 

0. 

PURCHASED 

ELECTRICAL 

***************** 

MID-PK 

MID-PK 

OFF-PK 

OFF-PK 

AUX 

AUX 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

FUEL 

FUEL 

KW 

THOU  KWH 

KW 

THOU  KWH 

CONSUMP 

HRS 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1.3.42 


CENTRAL  PLANT  730  BOILER  CONTROL-2  ECO 


PC -CUBE  VERSION  2.0.3 


PAGE  NO. 


COOLING 

COOLING 

HEAT 

HEAT 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

TONS 

TON -HRS 

MBH 

MMBTU 

Cl 

1 

o. 

0. 

0. 

0. 

Cl 

2 

0. 

0. 

0. 

0. 

Cl 

3 

0. 

0. 

0. 

0. 

Cl 

4 

10. 

1500. 

566. 

137. 

Cl 

5 

0. 

0. 

566. 

143. 

Cl 

6 

0. 

0. 

566. 

125. 

Cl 

7 

0. 

0. 

566. 

143. 

Cl 

8 

0. 

0. 

566. 

137. 

Cl 

9 

0. 

0. 

566. 

137. 

Cl 

10 

11. 

1833. 

566. 

143. 

Cl 

11 

0. 

0. 

0. 

0. 

Cl 

12 

0. 

0. 

0. 

0. 

ELECT 

ELECT 

GEN 

SOLD 

RECOVBL 

HEAT 

RECOVBL 

HEAT 

DEMAND 

CONSUMP 

ELECT 

ELECT 

USED 

UNUSED 

KW 

THOU  KWH 

THOU  KWH 

THOU  KWH 

MMBTU 

MMBTU 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

130. 

43. 

0. 

0. 

0. 

0. 

43. 

12. 

0. 

0. 

0. 

0. 

43. 

10. 

0. 

0. 

0. 

0. 

43. 

12. 

0. 

0. 

0. 

0. 

43. 

11. 

0. 

0. 

0. 

0. 

43. 

11. 

0. 

0. 

0. 

0. 

130. 

46. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

13 


1.3.43 


CENTRAL  PLANT  5900 


1.3.44 


CENTRAL  PALNT  5900  BOILER  CONTROL  ECO 


PC -CUBE  VERSION  2.0.3 


SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 

NUMBER  OF  SYSTEMS 

DIFFERENT  TYPE  GENERATORS 

DIFFERENT  TYPE  CHILLERS 

DIFFERENT  TYPE  BOILERS  OR  HEATERS 

NATURAL  GAS  HIGHER  HEATING  VALUE 

NATURAL  GAS  LOWER  HEATING  VALUE 

AUXILIARY  FUEL 

AUXILIARY  FUEL  HEATING  VALUE 

KILOWATT  DEMAND  BILLING  BASIS  (MINUTES) 

DEMAND  FACTOR*  (TIMES  HOURLY  KILOWATT  AVERAGE) 


1 

0 

5 

5 

1000. 

951. 

1. 

15 

1.00 


SYSTEM 

ID 

GENERATOR 

OPERATION 

SCHEDULE 

CHILLER 

OPERATION 

SCHEDULE 

PERCENTAGE 
PROCESS  HEAT 
DIRECT  FIRED 

DIRECT  FIRED 
PROCESS  HEAT 
EFFICIENCY 

AF 

KEY 

PROC 

KEY 

STEAM 

TURB 

KEY 

Cl 

0 

1 

0. 

100. 

0 

0 

0 

CHILLER  IDENTIFICATION  NUMBERS 

Cl  1 

2  3  4 

5  0  0 

0  0  0 

BOILER/HEATER  IDENTIFICATION 

NUMBERS 

Cl  5 

4  2  3 

3  10 

0  0  0 

*  NOTE-  DEMAND  FACTOR  -  ESTIMATED  RATIO  OF  THE  MAXIMUM  DEMAND  THAT  WILL  BE  RECORDED 
DURING  THE  BILLING  PERIOD  TO  THE  MAXIMUM  HOURLY  DEMAND  COMPUTED. 


PAGE  NO.  1 


AUX  FUEL  DESCRIPTION 

1. 


1.3.45 


PC -CUBE  VERSION  2.0.3 
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CENTRAL  PALNT  5900  BOILER  CONTROL  ECO 
OPERATION  SCHEDULE  NO  1 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  PICKS  UP  THE  REMAINDER  OF  THE  LOAD,  ETC. 


OPERATION  SCHEDULE  NO  2 


THE  FIRST  UNIT  CARRIES  THE  LOAD 
THE  SECOND  UNIT  IS  THEN  STARTED 


UNTIL  ITS  CAPACITY  {OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
AND  BOTH  THE  FIRST  AND  SECOND  SHARE  THE  LOAD  EQUALLY,  ETC. 


OPERATION  SCHEDULE  NO  3 

ALL  UNITS  ARE  TURNED  ON  AND  SHARE  THE  LOAD  EQUALLY. 


OPERATION  SCHEDULE  NO  4 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  * 

THE  SECOND  UNIT  IS  THEN  STARTED  AND  THE  FIRST  UNIT  IS  STOPPED.  WEN  OB  L0AD 

TIMES  SWITCHOVER  FACTOR)  OF  THE  SECOND  UNIT  IS  REACHED,  A  T0100™1*  ™  TIMES^SWITCHOVER 

EQUALLY  WITH  THE  SECOND.  IF  THE  LOAD  IS  GREATER  THAN  THE  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER 

FACTOR)  OF  BOTH  UNITS,  THE  FIRST  IS  RESTARTED  AND  CARRIES  THE  EXCESS  LOAD. 


GENERATOR  TYPES 

1  =  RECIPROCATING  ENGINE 

2  =  GAS  TURBINE 

3  =  STEAM  TURBINE 


CHILLER  TYPES 

1  =  ABSORPTION 

2  =  STEAM  TURBINE 

3  *  ENGINE 

4  =  ELECTRIC  MOTOR 


1.3.46 
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PAGE  NO. 


3 


CENTRAL  PALNT  5900  BOILER  CONTROL  ECO 

Cl 

GENERATOR  SYSTEM  TYPE  0 

DAYTYPE  123  123  123 

GENERATOR  START  TIME  0  0  0 

GENERATOR  STOP  TIME  000 


ELECTRIC  COST  PER  KWH  .01370 

ELECTRIC  DEMAND  COST  PER  KW  1.78700 

MINIMUM  DEMAND  FRACTION  1.00000 

GAS  COST  PER  CUBIC  FOOT  .29200 

GAS  COST  ADJUSTMENT  PER  CUBIC  FOOT  .00000 

WINTER  GAS  RATE  MULTIPLIER  FOR  SUMMER  RATES  .00000 

STARTING  MONTH  FOR  SUMMER  GAS  RATE  0 
ENDING  MONTH  FOR  SUMMER  GAS  RATE  0 

AUXILIARY  FUEL  COST  PER  UNIT  .00000 


1.3.47 
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4 


CENTRAL  PALNT  5900  BOILER  CONTROL  ECO 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 


LOAD 

ENERGY  IN 
(BTU/HR  OR  KW) 

10 

54. 

20 

75. 

30 

95. 

40 

119. 

50 

142. 

60 

170. 

70 

203. 

80 

278. 

90 

288. 

100 

339. 

CHILLER 

IDENTIFICATION  NO. 

CHILLER 

TYPE 

PERCENT 

OF 

MAX 

OUTPUT  TO  START 

MAXIMUM 

OUTPUT, 

,  BTU/HR 

PILOT  FUEL 

IN, 

BTU/HR 

ELECTRIC  ACCESSORIES,  KW 

STEAM  ACCESSORIES  BTU/HR 

PERCENT  ACCESSORY  LOAD  TO  VARY 

LOAD 

ENERGY  IN 

(BTU/HR  OR  KW) 

10 

51. 

20 

70. 

30 

88. 

40 

111. 

50 

133. 

60 

158. 

70 

190. 

80 

259. 

90 

269. 

100 

316. 

1 

4  **  ELECTRIC  MOTOR 


.25 

4440000. 

0. 

76. 

0. 

.25 

RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


AUXILIARY  FUEL  IN 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


2 

4  **  ELECTRIC  MOTOR 
00 


4032000. 

0. 

76. 

0. 

.19 

RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


AUXILIARY  FUEL  IN 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


AF  RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


af  recoverable  heat 

(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


1.3.48 


PC -CUBE  VERSION  2.0.3 


PAGE  NO 


5 


CENTRAL  PALNT  5900  BOILER  CONTROL  ECO 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 


LOAD 

ENERGY  IN 
(BTU/HR  OR  KW) 

10 

40. 

20 

55. 

30 

70. 

40 

88. 

50 

105. 

60 

126. 

70 

151. 

80 

206. 

90 

213. 

100 

251. 

CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 


LOAD 

ENERGY  IN 
(BTU/HR  OR  KW) 

10 

59. 

20 

02. 

30 

104. 

40 

130. 

50 

156. 

60 

186. 

70 

223. 

80 

304. 

90 

315. 

100 

371. 

3 

4  **  ELECTRIC  MOTOR 

.00 

3552000. 

0. 

00. 

0. 

.18 

RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


4 

4  **  ELECTRIC  MOTOR 
.00 
4752000. 

0. 

101. 

0. 

.20 

RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


AUXILIARY  FUEL  IN 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


** 


AUXILIARY  FUEL  IN 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


AF  RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


AF  RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


1.3.49 


PC -CUBE  VERSION  2.0.3 
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CENTRAL  PAIiNT  5900  BOILER  CONTROL  ECO 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 


LOAD 

ENERGY  IN 
(BTU/HR  OR  KW) 

10 

40. 

20 

55. 

30 

70. 

40 

87. 

50 

105. 

60 

125. 

70 

149. 

80 

204. 

90 

212. 

100 

249. 

5 

4  **  ELECTRIC  MOTOR 
.00 
3504000. 

0. 

83. 

0. 

.21 

RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


** 


AUXILIARY  FUEL  IN 
(BTU/HR) 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 


AF  RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


1.3.50 


PC -CUBE  VERSION  2.0.3 
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CENTRAL  PALNT  5900  BOILER  CONTROL  ECO 


BOILER/HEATER  IDENT.  NO.  1 
MAXIMUM  OUTPUT,  BTU/HR  6940000. 
ELECTRIC  ACCESSORIES,  KW  0. 
STEAM  ACCESSORIES,  BTU/HR  0. 


LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

2062500. 

20 

2512500. 

30 

3700000. 

40 

4875000. 

50 

6000000, 

60 

7262500 

70 

8462500 

80 

9750000 

90 

11050000 

100 

12500000 

BOILER/HEATER  IDENT.  NO.  2 
MAXIMUM  OUTPUT,  BTU/HR  7170000. 
ELECTRIC  ACCESSORIES,  KW  0. 
STEAM  ACCESSORIES,  BTU/HR  0. 


ENERGY  IN 
(BTU/HR  OR  KW) 


10 

20 

30 

40 

50 

60 

70 

80 


2137500. 

2550000. 

3737500. 

4875000. 

5962500. 

7225000. 

8512500. 

9812500. 

11150000. 

12500000. 


1.3.51 


PC -CUBE  VERSION  2.0.3 
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CENTRAL  PALNT  5900  BOILER  CONTROL  ECO 


BOILER/HEATER  IDENT.  NO.  3 

MAXIMUM  OUTPUT,  BTU/HR  7610000. 

ELECTRIC  ACCESSORIES,  KW  0. 

STEAM  ACCESSORIES,  BTU/HR  0. 

LOAD  energy  in 

(BTU/HR  OR  KW) 


10 

2268310. 

20 

2583690. 

30 

3796690. 

40 

4961170. 

50 

6077130. 

60 

7290130. 

70 

8430350. 

80 

9631220. 

90 

10819960. 

100 

12130000. 

BOILER/HEATER  IDENT.  NO.  4 

MAXIMUM  OUTPUT,  BTU/HR  6220000. 

ELECTRIC  ACCESSORIES,  KW  0. 

STEAM  ACCESSORIES,  BTU/HR  0. 

load  energy  in 

(BTU/HR  OR  KW) 


10 

1900000 

20 

2180000 

30 

3220000 

40 

4240000 

50 

5230000 

60 

6220000 

70 

7240000 

80 

8200000 

90 

8140000 

100 

10000000 

1.3.52 


PC-CUBE  VERSION  2.0.3 
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CENTRAL  PALNT  5900  BOILER  CONTROL  ECO 


BOILER/HEATER  IDENT.  NO.  5 
MAXIMUM  OUTPUT,  BTU/HR  8880000. 
ELECTRIC  ACCESSORIES,  KW  0. 
STEAM  ACCESSORIES,  BTU/HR  0. 


LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

2646000. 

20 

3052000, 

30 

4508000, 

40 

5936000 

50 

7140000 

60 

8526000 

70 

9870000 

80 

11242000 

90 

12600000 

100 

14000000 

1.3.53 
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PC-CUBE 

CENTRAL  PALNT  5900  BOILER  CONTROL  ECO 

NUMBER  OF  EACH  DAY  TYPE  PER  MONTH 

MONTH  DAY  TYPE 

1  2  3 


JAN  23 

FEB  20 

MAR  21 

APR  0 

MAY  23 

JUN  20 

JUL  23 

AUG  22 

SEP  22 

OCT  0 

NOV  21 

DEC  22 


8  0 

8  0 

10  0 

0  30 

8  0 

10  o 

6  0 

9  0 

0  0 

0  31 

9  0 

9  0 


HEATING 


INPUT  ENERGY  LOADS  FOR  SYNTHETIC  LOADS  GENERATOR 
COOLING  ELECTRIC 


PEAK 

LOAD 

THOUSAND 

MILLION 

MONTH 

BTU/HR 

BTU 

JAN 

57938.0 

11818.0 

FEB 

57938.0 

9046.0 

MAR 

57938.0 

7725.0 

APR 

.0 

.0 

MAY 

.0 

.0 

JUN 

.0 

.0 

JUL 

.0 

.0 

AUG 

.0 

.0 

SEP 

.0 

.0 

OCT 

.0 

.0 

NOV 

21864.0 

6339.0 

DEC 

57938.0 

9820.0 

PEAK 

THOUSAND 

BTU/HR 

.0 

.0 

.0 

.0 

5212.0 

18384.0 

18384.0 

18384.0 

18384.0 

.0 

.0 

.0 


LOAD 

MILLION 

BTU 

.0 

.0 

.0 

.0 

7368.0 

30305.0 

8487.0 

0494.0 

7888.0 

.0 

.0 

.0 


DEMAND 

KILOWATT 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


LOAD 

THOUSAND 

KWH 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


TOTAL 


44748.0 


62542.0 


PROCESS 


PEAK  load 

THOUSAND  MILLION 

BTU/HR  BTU 


.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


.0 

.0 

.0 


.0 

.0 

.0 

.0 

.0 

.0 

.0 


.0 


1.3.54 


o  o 


CENTRAL  PALNT  5900  BOILER  CONTROL  ECO 


PC- CUBE 


HEATING 

HOUR  DAY  TYPE 

12  3 


INPUT  LOAD  PROFILES 

COOLING  ELECTRIC 

DAY  TYPE  DAY  TYPE 

12  3  12  3 


PAGE  NO. 


PROCESS 
DAY  TYPE 
12  3 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 


.600 

.700 

.000 

.300 

.600 

.700 

.000 

.300 

.600 

.700 

.000 

.300 

.600 

.700 

.000 

.300 

.600 

.700 

.000 

.300 

.600 

.700 

.000 

.300 

.600 

.700 

.000 

.300 

.600 

.700 

.000 

.300 

.600 

.700 

.000 

.300 

.600 

.700 

.000 

.300 

.600' 

.700 

.000 

.300 

.600 

.700 

.000 

.300 

.400 

.500 

.000 

.700 

.400 

.500 

.000 

1.000 

.400 

.500 

.000 

.800 

.400 

.500 

.000 

.700 

.400 

.500 

.000 

.700 

.400 

.700 

.000 

.700 

.600 

.700 

.000 

.700 

.600 

.700 

.000 

.700 

.600 

.700 

.000 

.300 

.600 

.700 

.000 

.300 

.600 

.700 

.000 

.300 

.600 

.700 

.000 

.300 

300 

.000 

.500 

.500 

300 

.000 

.500 

.500 

.300 

.000 

.500 

.500 

.300 

.000 

.500 

.500 

.300 

.000 

.500 

.500 

.300 

.000 

.700 

.700 

.300 

.000 

.700 

.700 

.300 

.000 

.700 

.700 

.300 

.000 

.700 

.700 

.300 

.000 

.700 

.700 

.300 

.000 

.700 

.700 

.300 

.000 

.700 

.700 

.700 

.000 

.700 

.700 

.700 

.000 

.700 

.700 

.700 

.000 

.700 

.700 

.700 

.000 

.700 

.700 

.700 

.000 

.700 

.700 

.700 

.000 

.700 

.700 

.700 

.000 

.700 

.700 

.700 

.000 

.500 

.500 

.300 

.000 

.500 

.500 

.300 

.000 

.500 

.500 

.300 

.000 

.500 

.500 

.300 

.000 

.500 

.500 

500 

.300 

.300 

.300 

.500 

.300 

.300 

.300 

.500 

.300 

.300 

.300 

.500 

.300 

.300 

.300 

.500 

.300 

.300 

.300 

.700 

.500 

.300 

.300 

.700 

.500 

.300 

.300 

.700 

.500 

.300 

.300 

.700 

.500 

.300 

.300 

.700 

.500 

.300 

.300 

.700 

.700 

.300 

.300 

.700 

.700 

.300 

.300 

.700 

.700 

.300 

.300 

.700 

.700 

.300 

.300 

.700 

.700 

.300 

.300 

.700 

.700 

.300 

.300 

.700 

.700 

.300 

.300 

.700 

.500 

.300 

.300 

.700 

.500 

.300 

.300 

.500 

.500 

.300 

.300 

.500 

.300 

.300 

.300 

.500 

.300 

.300 

.300 

.500 

.300 

.300 

.300 

.500 

.300 

.300 

.300 

PROFILE  ADJUSTMENT 
HEATING 


START  AND  STOP  TIME,  NUMBER  OF  DAY 
COOLING 


TYPES  TO  ADJUST  AND  LIMIT  OF  RANDOM  VARIATION 
ELECTRIC  PROCESS 


START  HOUR  0 
END  HOUR  24 

NO  DAY  TYPES  2 
ADJUST  LIMIT  .30 


0 

24 

2 

.30 


0 

24 

3 

.30 


0 

24 

1 

.30 


HOURS  OF  AUXILIARY  FUEL  IN  EACH  MONTH 

ooooooooooo 


1.3.55 
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CENTRAL  PALNT  5900  BOILER  CONTROL  ECO 


PC-CUBE  VERSION  2.0.3 


SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 


TOTAL  GAS  CONSUMP. ,  1000  CU  FT 
PEAK  DAY  GAS  CONSUMP . ,  1000  CU  FT 


71669. 

790. 


ELECTRICAL  CONSUMPTION ,  KWH 
PEAK  KW  DEMAND  (15  MIN  BASIS) 
PURCHASED  ELECTRIC  PCWER 
ON-PEAK  CONSUMPTION  KWH 
ON-PEAK  KW  DEMAND  (15  MIN  BASIS) 
MID-PEAK  CONSUMPTION  KWH 
MID-PEAK  KW  DEMAND  (15  MIN  BASIS) 
OFF-PEAK  CONSUMPTION  KWH 
OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 
GENERATED  ELECTRICAL  PCWER  KWH 
SOLD  ELECTRICAL  POWER  KWH 


4102470. 

1781. 

4102470. 

1781. 

0. 

0. 

0. 

0. 

0. 

0. 


AUXILIARY  FUEL  CONSUMPTION 


DIR.  PROC.  GAS  CONSUMP.,  1000  CF 
CHILLER  OPERATING  HOURS 
CHILLER  1 
CHILLER  2 
CHILLER  3 
CHILLER  4 
CHILLER  5 

BOILER  OPERATING  HOURS 
BOILER  1 
BOILER  2 
BOILER  3 
BOILER  4 
BOILER  5 
BOILER  6 


0. 

3672 

3672 

2048 

1456 

1249 

3624 

3050 

791 

0 

0 

0 


PAGE  NO. 


**  TOTAL  ** 


12 


RECOVERABLE  HEAT  USED,  MBTU 
RECOVERABLE  HEAT  UNUSED,  MBTU 


0. 

0. 


MONTHLY  MAXI MUMS  AND  COUNT  OF  HOURS  THAT  COOLING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 


PAGE  NO.  13 


SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

MONTHLY  MAXI  MUMS  AND  COUNT  OF  HOURS  THAT  HEATING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

1.3.57 


MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  ELECTRICAL  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


PAGE  NO. 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


COUNT  OF  COOLING  LOAD  HOURS 


JAN 

0 

FEB 

0 

MAR 

0 

APR 

0 

MAY 

744 

JUN 

720 

JUL 

744 

AUG 

744 

SEP 

720 

OCT 

0 

NOV 

0 

DEC 

0 

14 


1.3.58 


PC -CUBE  VERSION 

CENTRAL  PALNT  5900  BOILER  CONTROL  ECO 


ANNUAL 

NUMBER  OF  HOURS  AT  10 

PERCENT  : 

INCREMENTS 

OF  LOAD 

SYSTEM 

Cl  NORMAL 

heating  and 

'  COOLING 

LOADS 

CHR 

0-10 

11-20 

21-30 

31-40 

41-50 

1 

0 

0 

0 

0 

0 

2 

46 

698 

0 

0 

0 

3 

128 

176 

160 

96 

16 

4 

0 

0 

0 

0 

0 

5 

26 

49 

176 

43 

955 

BLR 

0-10 

11-20 

21-30 

31-40 

41-50 

1 

0 

0 

0 

0 

0 

2 

251 

268 

250 

200 

234 

3 

138 

170 

130 

184 

74 

4 

0 

0 

0 

0 

0 

5 

0 

0 

0 

0 

0 

6 

0 

0 

0 

0 

0 

PAGE  NO.  15 

2.0.3 


51-60 

61-70 

71-80 

81-90 

91-100 

TOTAL 

0 

0 

0 

0 

3672 

3672 

144 

256 

256 

160 

2112 

3672 

16 

0 

0 

0 

1456 

2048 

0 

6 

50 

103 

1297 

1456 

0 

0 

0 

0 

0 

1249 

51-60 

61-70 

71-80 

81-90 

91-100 

TOTAL 

18 

60 

129 

134 

3283 

3624 

225 

192 

184 

201 

1045 

3050 

38 

0 

38 

19 

0 

791 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1.3,59 


PC -CUBE  VERSION  2-0.3 
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CENTRAL  PALNT  5900  BOILER  CONTROL  ECO 


******************  PURCHASED 


GAS 

GAS 

ON-PK 

ON-PK 

MID-PK 

DEMAND 

CONSUMP 

DEMAND 

CON  SIMP 

DEMAND 

MCF 

MCF 

KW 

THOU  KWH 

KW 

ELECTRICAL  ***************** 

MID-PK  OFF-PK  OFF-PK  AUX  AUX 

CONSUMP  DEMAND  CONSIMP  FUEL  FUEL 

THOU  KWH  KW  THOU  KWH  CONSUMP  HRS 


Cl 

1 

790, 

Cl 

2 

657. 

Cl 

3 

494. 

Cl 

4 

0. 

Cl 

5 

0, 

Cl 

6 

0. 

Cl 

7 

0. 

Cl 

6 

0, 

Cl 

9 

0 

Cl 

10 

0 

Cl 

11 

423 

Cl 

12 

638 

18997.  0. 

14440.  0. 

12412.  0. 

0.  0. 

0.  547. 

0.  1781. 

0.  1781. 

0.  1781. 

0.  1781. 

0.  0. 

10189.  0. 

15632.  0. 


0.  0. 

0.  0. 

0.  0. 

o.  0. 

405.  0. 

1275.  0. 

825.  0. 

827.  0. 

770.  0. 

0.  0. 

0.  0. 

0.  0. 


0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 


0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 


1.3.60 


CENTRAL  PALNT 


5900  BOILER  CONTROL  ECO 


PC -CUBE  VERSION  2.0.3 


COOLING  COOLING 
DEMAND  CON SUMP 

TONS  TON-HRS 


HEAT  HEAT 

DEMAND  CONSUMP 
MBH  MMBTU 


ELECT  ELECT 
DEMAND  CONSUMP 
KW  THOU  KWH 


GEN  SOLD 

ELECT  ELECT 

THOU  KWH  THOU  KWH 


PAGE  NO. 


RECOVBL  RECOVBL 

HEAT  HEAT 

USED  UNUSED 

MMBTU  MMBTU 


Cl 

1 

0. 

0. 

21302. 

11818. 

Cl 

2 

0. 

0. 

17970. 

9046. 

Cl 

3 

0. 

0. 

13558. 

7725. 

Cl 

4 

0. 

0. 

0. 

0. 

Cl 

5 

434. 

319241. 

0. 

0, 

Cl 

6 

1532. 

1096550. 

0. 

0. 

Cl 

7 

1532. 

705420. 

0. 

0, 

Cl 

8 

1532. 

705825. 

0. 

0, 

Cl 

9 

1532. 

655873. 

0. 

0, 

Cl 

10 

0. 

0. 

0. 

0, 

Cl 

11 

0. 

0. 

11589. 

6339 

Cl 

12 

0. 

0. 

17455. 

9820 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

547.  405. 

1781.  1275. 

1781.  825. 

1781.  827. 

1781.  770. 

0.  0. 

0.  0. 

0.  0. 


0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  o.  o. 

0.  0.  0. 

0.  0.  0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
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PAGE  NO, 


1 


CENTRAL  PLANT  5900  CHILLER  CONTROL  ECO 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 

NUMBER  OF  SYSTEMS 
DIFFERENT  TYPE  GENERATORS 
DIFFERENT  TYPE  CHILLERS 
DIFFERENT  TYPE  BOILERS  OR  HEATERS 
NATURAL  GAS  HIGHER  HEATING  VALUE 
NATURAL  GAS  LOWER  HEATING  VALUE 
AUXILIARY  FUEL 

AUXILIARY  FUEL  HEATING  VALUE 
KILOWATT  DEMAND  BILLING  BASIS  (MINUTES) 

DEMAND  FACTOR*  (TIMES  HOURLY  KILOWATT  AVERAGE) 


1 

0 

5 

5 

1000. 

951. 

1. 

15 

1.00 


GENERATOR  CHILLER 
SYSTEM  OPERATION  OPERATION 
ID  SCHEDULE  SCHEDULE 

DESCRIPTION 

Cl  0  1 

1. 


PERCENTAGE  DIRECT  FIRED 
PROCESS  HEAT  PROCESS  HEAT 
DIRECT  FIRED  EFFICIENCY 


0. 


100. 


STEAM 

AF  PROC  TUR1 

KEY  KEY  KEY 

ooo 


CHILLER  IDENTIFICATION  NUMBERS 

Cl  3512400000 

BOILER/HEATER  IDENTIFICATION  NUMBERS 

Cl  1  2  3  3  4  5  0  0  0  0 

*  NOTE-  DEMAND  FACTOR  =  ESTIMATED  RATIO  OF  THE  MAXIMUM  DEMAND  THAT  WILL  BE  RECORDED 
DURING  THE  BILLING  PERIOD  TO  THE  MAXIMUM  HOURLY  DEMAND  COMPUTED. 


AUX  FUEL 


1.3.62 


PC -CUBE  VERSION  2.0.3 


PAGE  NO.  2 


CENTRAL  PLANT  5900  CHILLER  CONTROL  ECO 
OPERATION  SCHEDULE  NO  1 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED, 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  PICKS  UP  THE  REMAINDER  OF  THE  LOAD,  ETC. 

OPERATION  SCHEDULE  NO  2 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  BOTH  THE  FIRST  AND  SECOND  SHARE  THE  LOAD  EQUALLY,  ETC. 


OPERATION  SCHEDULE  NO  3 

ALL  UNITS  ARE  TURNED  ON  AND  SHARE  THE  LOAD  EQUALLY. 


OPERATION  SCHEDULE  NO  4 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  ' 

THE  SECOND  UNIT  IS  THEN  STARTED  AND  THE  FIRST  UNIT  IS  STOPPED.  WHEN  THE  CAPACITY  (0R 

TIMES  SWITCHOVER  FACTOR)  OF  THE  SECOND  UNIT  IS  REACHED,  A  THIRD  ^[MEg  SWITCHOVER 

EQUALLY  WITH  THE  SECOND.  IF  THE  LOAD  IS  GREATER  THAN  THE  CAPACITY  (OR 
FACTOR)  OF  BOTH  UNITS,  THE  FIRST  IS  RESTARTED  AND  CARRIES  THE  EXCESS  LOAD. 


GENERATOR  TYPES 

1  =  RECIPROCATING  ENGINE 

2  -  GAS  TURBINE 

3  =  STEAM  TURBINE 


CHILLER  TYPES 

1  =  ABSORPTION 

2  =  STEAM  TURBINE 

3  =  ENGINE 

4  =  ELECTRIC  MOTOR 


1.3.63 


PAGE  NO.  3 

CENTRAL  PLANT  5900  CHILLER  CONTROL  ECO 

Cl 

GENERATOR  SYSTEM  TYPE  0 

DAYTYPE  12  3 

GENERATOR  START  TIME  000 

GENERATOR  STOP  TIME  000 


ELECTRIC  COST  PER  KWH  .01370 

ELECTRIC  DEMAND  COST  PER  KW  1.78700 

MINIMUM  DEMAND  FRACTION  1.00000 

GAS  COST  PER  CUBIC  FOOT  .29200 

GAS  COST  ADJUSTMENT  PER  CUBIC  FOOT  .00000 

WINTER  GAS  RATE  MULTIPLIER  FOR  SUMMER  RATES  .00000 

STARTING  MONTH  FOR  SUMMER  GAS  RATE  0 
ENDING  MONTH  FOR  SUMMER  GAS  RATE  0 

AUXILIARY  FUEL  COST  PER  UNIT  .00000 


PC-CUBE  VERSION  2.0.3 


23  123  123 


1.3.64 


CENTRAL  PLANT  5900  CHILLER  CONTROL  ECO 


PC -CUBE  VERSION  2.0.3 


PAGE  NO. 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 


LOAD 


ENERGY  IN 
(BTU/HR  OR  KW) 


10 

54. 

20 

75. 

30 

95. 

40 

119, 

50 

142, 

60 

170 

70 

203 

80 

278 

90 

288 

100 

339 

4  **  ELECTRIC  MOTOR 
.25 
4440000. 

0. 

76. 

0. 

.25 

RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


AUXILIARY  FUEL  IN 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


AF  RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 
LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


**  ELECTRIC  MOTOR 


.00 

4032000. 

0. 

76. 

0. 

.19 

RECOVERABLE  HEAT 
(BTU/HR) 


10 

51. 

0. 

20 

70. 

0. 

30 

00 

CO 

0. 

40 

111. 

0. 

50 

133. 

0. 

60 

158. 

0. 

70 

190. 

0. 

80 

259. 

0. 

90 

269. 

0. 

100 

316. 

0. 

AUXILIARY  FUEL  IN 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


AF  RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


1.3.65 


PC -CUBE  VERSION  2.0.3 


PAGE  NO. 


5 


CENTRAL  PLANT  5900  CHILLER  CONTROL  ECO 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  ITU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 
LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


3 

4  **  ELECTRIC  MOTOR 

.00 

3552000. 

0. 


80. 

0. 

.18 

RECOVERABLE  HEAT 
(BTU/HR) 


AUXILIARY  FUEL  IN 
(BTU/HR) 


AF  RECOVERABLE  HEAT 
(BTU/HR) 


10 

40. 

0. 

20 

55. 

0. 

30 

70. 

0. 

40 

88. 

0. 

50 

105. 

0. 

60 

126. 

0. 

70 

151. 

0. 

80 

206. 

0. 

90 

213. 

0. 

100 

251. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 

0. 


0. 

0. 


0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 


LOAD 

ENERGY  IN 
(BTU/HR  OR  KW) 

10 

59. 

20 

82. 

30 

104. 

40 

130. 

50 

156. 

60 

186. 

70 

223. 

80 

304. 

90 

315. 

100 

371. 

4 

4  **  ELECTRIC  MOTOR 
.00 
4752000. 

0. 

101. 

0. 

.20 

RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


AUXILIARY  FUEL  IN 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


AF  RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


1.3.66 
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PAGE  NO.  6 


CENTRAL  PLANT  5900  CHILLER  CONTROL  ECO 


CHILLER  IDENTIFICATION  NO.  5 

CHILLER  TYPE  4  **  ELECTRIC  MOTOR  ** 

PERCENT  OF  MAX  OUTPUT  TO  START  .00 

MAXIMUM  OUTPUT,  BTU/HR  3504000. 

PILOT  FUEL  IN,  BTU/HR  0. 

ELECTRIC  ACCESSORIES,  KW  83. 

STEAM  ACCESSORIES  BTU/HR  0. 

PERCENT  ACCESSORY  LOAD  TO  VARY  .21 

LOAD  ENERGY  IN  RECOVERABLE  HEAT  AUXILIARY  FUEL  IN 

(BTU/HR  OR  KW)  (BTU/HR)  (BTU/HR) 


AF  RECOVERABLE  HEAT 
(BTU/HR) 


10 

40. 

20 

55. 

30 

70 

40 

87 

50 

105 

60 

125. 

70 

149, 

80 

204, 

90 

212 

100 

249 

0. 

0. 

0. 


0. 

0. 


0. 


0. 

0. 

0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


1.3.67 
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PAGE  NO.  7 


CENTRAL  PLANT  5900  CHILLER  CONTROL  ICO 


BOILER/HEATER  IDENT. 

NO. 

1 

MAXIMUM  OUTPUT,  BTU/HR  6940000. 

ELECTRIC  ACCESSORIES 

,  KW 

0. 

STEAM  ACCESSORIES,  BTU/HR 

0. 

LOAD 

ENERGY  IN 

(BTU/HR  OR  KW) 

10 

2062500. 

20 

2512500. 

30 

3700000. 

40 

4875000. 

50 

6000000. 

60 

7262500. 

70 

8462500. 

80 

9750000. 

90 

11050000. 

100 

12500000. 

BOILER/HEATER  IDENT.  NO.  2 

MAXIMUM  OUTPUT,  BTU/HR  7170000. 

ELECTRIC  ACCESSORIES,  KW  0. 

STEAM  ACCESSORIES,  BTU/HR  0. 

load  energy  in 

(BTU/HR  OR  KW) 


10 

2137500, 

20 

2550000 

30 

3737500 

40 

4875000 

50 

5962500 

60 

7225000 

70 

8512500 

80 

9812500 

90 

11150000 

100 

12500000 

PC -CUBE  VERSION  2.0.3 
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CENTRAL  PLANT  5900  CHILLER  CONTROL  ECO 


BOILER/HEATER  IDENT.  NO.  3 
MAXIMUM  OUTPUT,  BTU/HR  7610000. 
ELECTRIC  ACCESSORIES,  KW  0. 
STEAM  ACCESSORIES,  BTU/HR  0. 


LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

2268310 

20 

2583690 

30 

3796690 

40 

4961170 

50 

6077130 

60 

7290130 

70 

8430350 

80 

9631220 

90 

10819960 

100 

12130000 

BOILER/HEATER  IDENT.  NO.  4 
MAXIMUM  OUTPUT,  BTU/HR  6220000. 
ELECTRIC  ACCESSORIES,  KW  0. 
STEAM  ACCESSORIES,  BTU/HR  0. 


ENERGY  IN 
(BTU/HR  OR  KW) 


50 

60 

70 


1900000. 

2180000. 

3220000. 

4240000. 

5230000. 

6220000. 

7240000. 

8200000. 

8140000. 

10000000. 


1.3.69 
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CENTRAL  PLANT  5900  CHILLER  CONTROL  ECO 


BOILER/HEATER  IDENT.  NO.  5 

MAXIMUM  OUTPUT,  BTU/HR  8880000. 

ELECTRIC  ACCESSORIES,  KW  0. 

STEAM  ACCESSORIES,  BTU/HR  °- 

LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

2646000. 

20 

3052000. 

30 

4508000, 

40 

5936000, 

50 

7140000, 

60 

8526000 

70 

9870000 

80 

11242000 

90 

12600000 

100 

14000000 

1.3,70 
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CENTRAL  PLANT  5900  CHILLER  CONTROL  ECO 


MONTH  DAY  TYPE 

1  2 


NUMBER  OF  EACH  DAY  TYPE  PER  MONTH 


JAN  23 

FEB  20 

MAR  21 

APR  0 

MAY  23 

JUN  20 

JUL  23 

AUG  22 

SEP  22 

OCT  0 

NOV  21 

DEC  22 


8  0 

8  0 

10  0 

0  30 

8  0 

10  0 

8  0 

9  0 

8  0 

0  31 

9  0 

9  0 


HEATING 


INPUT  ENERGY  LOADS  FOR  SYNTHETIC  LOADS  GENERATOR 
COOLING  ELECTRIC 


PROCESS 


PEAK 

LOAD 

PEAK 

THOUSAND 

MILLION 

THOUSAND 

MONTH  BTU /HR 

BTU 

BTU/ HR 

LOAD 

MILLION 

BTU 


DEMAND 

KILOWATT 


LOAD 

THOUSAND 

KWH 


PEAK 
THOUSAND 
BTU /HR 


LOAD 

MILLION 

BTU 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


57938.0 

57938.0 

57938.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

21864.0 

57938.0 


11818.0 

9046.0 

7725.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

6339.0 

9820.0 


.0 

.0 

.0 

.0 

5212.0 

18384.0 

18384.0 

18384.0 

18384.0 

.0 

.0 

.0 


.0 

.0 

.0 

.0 

7368.0 

30305.0 

8487.0 

8494.0 

7888.0 

.0 

.0 

.0 


.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


TOTAL  44748.0 


62542.0 


.0 


.0 


1.3.71 
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CENTRAL  PLANT  5900  CHILLER  CONTROL  ECO 

INPUT  LOAD  PROFILES 


HEATING 

hour  day  type 
1  2 


COOLING 
DAY  TYPE 
2 


ELECTRIC 
DAY  TYPE 
1  2 


PROCESS 
DAY  TYPE 
1  2 


600 

.700 

.000 

.300 

.300 

.000 

.500 

.500 

.500 

.300 

.300 

.300 

600 

.700 

.000 

.300 

.300 

.000 

.500 

.500 

.500 

.300 

.300 

.300 

600 

.700 

.000 

.300 

.300 

.000 

.500 

.500 

.500 

.300 

.300 

.300 

600 

.700 

.000 

.300 

.300 

.000 

.500 

.500 

.500 

.300 

.300 

.300 

600 

.700 

.000 

.300 

.300 

.000 

.500 

.500 

.500 

.300 

.300 

.300 

600 

.700 

.000 

.300 

.300 

.000 

.700 

.700 

.700 

.500 

.300 

.300 

600 

.700 

.000 

.300 

.300 

.000 

.700 

.700 

.700 

.500 

.300 

.300 

600 

.700 

.000 

.300 

.300 

.000 

.700 

.700 

.700 

.500 

.300 

.300 

,600 

.700 

.000 

.300 

.300 

.000 

.700 

.700 

.700 

.500 

.300 

.300 

,  600 

.700 

.000 

.300 

.300 

.000 

.700 

.700 

.700 

.500 

.300 

.300 

,  600 

.700 

.000 

.300 

.300 

.000 

.700 

.700 

.700 

.700 

.300 

.300 

,600 

.700 

.000 

.300 

.300 

.000 

.700 

.700 

.700 

.700 

.300 

.300 

,  400 

.500 

.000 

.500 

.500 

.000 

.700 

.700 

.700 

.700 

.300 

.300 

.  400 

.500 

.000 

.600 

.500 

.000 

.700 

.700 

.700 

.700 

.300 

.300 

,  400 

.500 

.000 

.700 

.500 

.000 

.700 

.700 

.700 

.700 

.300 

.300 

.  400 

.500 

.000 

.600 

.500 

.000 

.700 

.700 

.700 

.700 

.300 

.300 

,  400 

.500 

.000 

.600 

.500 

.000 

.700 

.700 

.700 

.700 

.300 

.300 

.  400 

.700 

.000 

.500 

.500 

.000 

.700 

.700 

.700 

.500 

.300 

.300 

.  600 

.700 

.000 

.500 

.500 

.000 

.700 

.700 

.700 

.500 

.300 

.  3  00 

.  600 

.700 

.000 

.500 

.500 

.000 

.500 

.500 

.500 

.500 

.300 

.300 

.  600 

.700 

.000 

.300 

.300 

.000 

.500 

.500 

.500 

.300 

.300 

.300 

.  600 

.700 

.000 

.300 

.300 

.000 

.500 

.500 

.500 

.300 

.300 

.300 

.  600 

.700 

.000 

.300 

.300 

.000 

.500 

.500 

.500 

.300 

.300 

.300 

.600 

.700 

.000 

.300 

.300 

.000 

.500 

.500 

.500 

.300 

.300 

.300 

PROFILE  ADJUSTMENT  START  AND  STOP  TIME,  NUMBER  OF  DAY  TYPES  TO  ADJUST  AND  LIMIT  OF  RANDOM  VARIATION 
HEATING  COOLING  ELECTRIC  PROCESS 

START  HOUR  0  0  0  2° 

END  HOUR  24  24  24 

NO  DAY  TYPES  2  2  3  30 

ADJUST  LIMIT  .30  • 20  *30 


HOURS  OF  AUXILIARY  FUEL  IN  EACH  MONTH 
000000 


1.3.72 


PC -CUBE  VERSION  2.0.3 

CENTRAL  PLANT  5900  CHILLER  CONTROL  ECO 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP.,  1000  CU  FT  79220. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  833. 

ELECTRICAL  CONSUMPTION ,  KWH  3988915. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  174 9* 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  3988915. 


ON-PEAK  KW  DEMAND  (15  MIN  BASIS) 
MID-PEAK  CONSUMPTION  KWH 
MID-PEAK  KW  DEMAND  (15  MIN  BASIS) 
OFF-PEAK  CONSUMPTION  KWH 
OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 
GENERATED  ELECTRICAL  POWER  KWH 
SOLD  ELECTRICAL  POWER  KWH 

AUXILIARY  FUEL  CONSUMPTION 

DIR.  PROC.  GAS  CONSUMP . ,  1000  CF 
CHILLER  OPERATING  HOURS 


CHILLER  1  3672 

CHILLER  2  3672 

CHILLER  3  2928 

CHILLER  4  1456 

CHILLER  5  988 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  3458 

BOILER  3  1191 

BOILER  4  0 

BOILER  5  0 

BOILER  6  0 


RECOVERABLE  HEAT  USED,  MBTU 
RECOVERABLE  HEAT  UNUSED ,  MBTU 


PAGE  NO. 


**  TOTAL  ** 
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1.3-73 


MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  COOLING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  HEATING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

1.3.74 


MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  ELECTRICAL  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

COUNT  OF 

COOLING 

LOAD 

HOURS 

JAN  0 

FEB  0 

MAR  0 

APR  0 

MAY  744 

JUN  720 

JUL  744 

AUG  744 

SEP  720 

OCT  0 

NOV  0 

DEC  0 


PAGE  NO.  14 


1.3.75 


PC '-CUBE  VERSION  2.0.3 


PAGE  NO.  15 


CENTRAL  PLANT  5900  CHILLER  CONTROL  ECO 

ANNUAL  NUMBER  OF  HOURS  AT  10  PERCENT  INCREMENTS  OF  LOAD 
SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 


CHR 

0-10 

11-20 

21-30 

31-40 

41-50 

TOTAL 

1 

0 

0 

0 

0 

0 

3672 

2 

0 

0 

0 

42 

702 

3672 

3 

0 

0 

384 

272 

224 

2928 

4 

0 

0 

0 

4 

32 

1456 

5 

12 

21 

56 

57 

40 

988 

BLR 

0-10 

11-20 

21-30 

31-40 

41-50 

TOTAL 

1 

0 

0 

0 

0 

0 

3624 

2 

69 

211 

218 

292 

291 

3458 

3 

327 

174 

207 

112 

202 

1191 

4 

0 

0 

0 

0 

0 

0 

5 

0 

0 

0 

0 

0 

0 

6 

0 

0 

0 

0 

0 

0 

51-60 

61-70 

71-80 

81-90 

91-100 

0 

0 

0 

0 

3672 

0 

0 

0 

16 

2912 

336 

224 

32 

0 

1456 

64 

60 

88 

104 

1104 

110 

692 

0 

0 

0 

51-60 

61-70 

71-80 

81-90 

91-100 

0 

0 

30 

60 

3534 

254 

258 

243 

198 

1424 

74 

38 

0 

38 

19 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1.3.76 
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CENTRAL  PLANT  5900  CHILLER  CONTROL  ECO 


PAGE  NO. 


GAS  GAS 

DEMAND  CONSUMP 
MCF  MCF 


******************  PURCHASED  electrical  ***************** 

ON-PK  ON-PK  MID-PK  MID-PK  OFF-PK  OFF-PK  AUX  AUX 

DEMAND  CONSUMP  DEMAND  CONSUMP  DEMAND  CONSUMP  FUEL  FUEL 

KW  THOU  KWH  KW  THOU  KWH  KW  THOU  KWH  CONSUMP  HRS 


Cl 

1 

833. 

20696. 

0. 

0, 

Cl 

2 

712. 

16067. 

0. 

0. 

Cl 

3 

544. 

13678. 

0. 

0. 

Cl 

4 

0. 

0. 

0. 

0. 

Cl 

5 

0. 

0. 

505. 

374, 

Cl 

6 

0. 

0. 

1749. 

1256, 

Cl 

7 

0. 

0. 

1749. 

802, 

Cl 

8 

0. 

0. 

1749. 

802, 

Cl 

9 

0. 

0. 

1749. 

754, 

Cl 

10 

0. 

0. 

0. 

0 

Cl 

11 

466. 

11322. 

0. 

0 

Cl 

12 

693. 

17456. 

0. 

0 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
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1.3.77 


PC -CUBE  VERSION  2.0.3 


CENTRAL  PLANT  5900 

CHILLER 

CONTROL  ECO 

COOLING 

DEMAND 

TONS 

COOLING 

CONSUMP 

TON -HRS 

HEAT 

DEMAND 

MBH 

HEAT 

CONSUMP 

MMBTU 

ELECT 

DEMAND 

KW 

ELECT 

CONSUMP 

THOU  KWH 

GEN 

ELECT 

THOU  KWH 

SOLD 

ELECT 

THOU  KWH 

PAGE  NO. 


RECOVBL  RECOVBL 

heat  heat 

USED  UNUSED 

MMBTU  I#CBTU 


Cl 

1 

0. 

0. 

Cl 

2 

0. 

0. 

Cl 

3 

0. 

0. 

Cl 

4 

0. 

0, 

Cl 

5 

434. 

320682, 

Cl 

6 

1532. 

1099390. 

Cl 

7 

1532. 

702426, 

Cl 

8 

1532. 

703110 

Cl 

9 

1532. 

654209 

Cl 

10 

0. 

0 

Cl 

11 

0. 

0 

Cl 

12 

0. 

0 

21302. 

11818. 

0, 

17970. 

9046. 

0, 

13558. 

7725. 

0. 

0. 

0. 

0, 

0. 

0. 

505, 

0. 

0. 

1749, 

0. 

0. 

1749, 

0. 

0. 

1749 

0. 

0. 

1749 

0. 

0. 

0 

11589. 

6339. 

0 

17455. 

9820. 

0 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

374.  0.  0, 

1256.  0.  0, 

802.  0.  0, 

802.  0.  0 

754.  0.  0 

0.  0.  0 

0.  0.  0 

0.  0.  0 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
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1.3.78 


CENTRAL  PLANT  6003 


1.3.79 


PC-CUBE  VERSION  2.0.3 


PAGE  NO, 


1 


CENTRAL  PLANT  6003  CHILLER  CONTROL  ECO 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 

NUMBER  OF  SYSTEMS 
DIFFERENT  TYPE  GENERATORS 
DIFFERENT  TYPE  CHILLERS 
DIFFERENT  TYPE  BOILERS  OR  HEATERS 
NATURAL  GAS  HIGHER  HEATING  VALUE 
NATURAL  GAS  LOWER  HEATING  VALUE 
AUXILIARY  FUEL 

AUXILIARY  FUEL  HEATING  VALUE 
KILOWATT  DEMAND  BILLING  BASIS  (MINUTES) 

DEMAND  FACTOR*  (TIKES  HOURLY  KILOWATT  AVERAGE) 


1 

0 

3 

2 

1000. 

951. 

1. 

15 

1.00 


SYSTEM 

ID 

GENERATOR 

OPERATION 

SCHEDULE 

CHILLER 

OPERATION 

SCHEDULE 

PERCENTAGE 
PROCESS  HEAT 
DIRECT  FIRED 

DIRECT  FIRED 
PROCESS  HEAT 

EFFICIENCY 

DESCRIPTION 

Cl 

0 

2 

0. 

100. 

1. 


STEAM 

AF  PRQC  TURB 

KEY  KEY  KEY  AUX  FUEL 

0  0  0 


CHILLER  IDENTIFICATION  NUMBERS 

C1  2300000000 

BOILER/HEATER  IDENTIFICATION  NUMBERS 
Cl  1200000000 


*  NOTE-  DEMAND  FACTOR  =  ESTIMATED  RATIO  OF  THE  MAXIMUM  DEMAND  THAT  WILL  BE  RECORDED 
DURING  THE  BILLING  PERIOD  TO  THE  MAXIMUM  HOURLY  DEMAND  COMPUTED. 


1.2.80 


PC-CUBE  VERSION  2.0.3 


PAGE  NO.  2 


CENTRAL  PLANT  6003  CHILLER  CONTROL  ECO 
OPERATION  SCHEDULE  NO  1 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  PICKS  UP  THE  REMAINDER  OF  THE  LOAD ,  ETC. 

OPERATION  SCHEDULE  NO  2 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  BOTH  THE  FIRST  AND  SECOND  SHARE  THE  LOAD  EQUALLY ,  ETC. 


OPERATION  SCHEDULE  NO  3 

ALL  UNITS  ARE  TURNED  ON  AND  SHARE  THE  LOAD  EQUALLY. 


OPERATION  SCHEDULE  NO  4 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  THE  FIRST  UNIT  IS  STOPPED.  WHEN  THE  CAPACITY  (OR  CAPACITY 
TIMES  SWITCHOVER  FACTOR)  OF  THE  SECOND  UNIT  IS  REACHED,  A  THIRD  UNIT  IS  STARTED  AND  SH^ES  TffiLQAD 
EQUALLY  WITH  THE  SECOND.  IF  THE  LOAD  IS  GREATER  THAN  THE  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER 
FACTOR)  OF  BOTH  UNITS,  THE  FIRST  IS  RESTARTED  AND  CARRIES  THE  EXCESS  LOAD. 


GENERATOR  TYPES 

1  =  RECIPROCATING  ENGINE 

2  =  GAS  TURBINE 

3  =  STEAM  TURBINE 


CHILLER  TYPES 

1  =  ABSORPTION 

2  =*  STEAM  TURBINE 

3  =  ENGINE 

4  =  ELECTRIC  MOTOR 


1.2,81 


PC “CUBE  VERSION  2.0.3 


CENTRAL  PLANT  6003  CHILLER  CONTROL  ECO 

Cl 

GENERATOR  SYSTEM  TYPE  0 

DAYTYPE  12  3  1 

GENERATOR  START  TIME  000 

GENERATOR  STOP  TIME  000 


PAGE  NO. 


3 


ELECTRIC  COST  PER  KWH 
ELECTRIC  DEMAND  COST  PER  KW 
MINIMUM  DEMAND  FRACTION 


.01370 

1.78700 

1.00000 


GAS  COST  PER  CUBIC  FOOT  .29200 

GAS  COST  ADJUSTMENT  PER  CUBIC  FOOT  .00000 

WINTER  GAS  RATE  MULTIPLIER  FOR  SUMMER  RATES 
STARTING  MONTH  FOR  SUMMER  GAS  RATE  0 
ENDING  MONTH  FOR  SUMMER  GAS  RATE  0 

AUXILIARY  FUEL  COST  PER  UNIT  .00000 


00000 


1.2.82 


PC -CUBE  VERSION  2.0.3 
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4 


CENTRAL  PLANT  6003  CHILLER  CONTROL  ECO 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 
LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


1 

4  **  ELECTRIC  MOTOR  ** 

.00 

1000. 

0. 

0. 

0. 

.00 

RECOVERABLE  HEAT  AUXILIARY  FUEL  IN 

(BTU/HR)  (BTU/HR) 


AF  RECOVERABLE  HEAT 
(BTU/HR) 


10 

20 

30 

40 

50 

60 

70 

80 

90 

100 


0. 

0. 

0. 

0. 

1. 

1. 

1. 

1. 

1. 

1. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 


LOAD 

ENERGY  IN 
(BTU/HR  OR  KW) 

10 

48. 

20 

68. 

30 

91. 

40 

116. 

50 

148. 

60 

170. 

70 

193. 

80 

222. 

90 

253. 

100 

284. 

AF  RECOVERABLE  HEAT 
(BTU/HR) 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  o. 

o.  0. 

o.  0. 

0.  o. 

0.  o. 

0.  o. 


2 

4  **  ELECTRIC  MOTOR  ** 


.00 

5346000. 

0. 

64. 

0. 

.28 

RECOVERABLE  HEAT 
(BTU/HR) 

0, 

0, 

0, 

0, 

0, 

0, 

0, 

0 

0 


AUXILIARY  FUEL  IN 
(BTU/HR) 


1.2.83 


PC -CUBE  VERSION  2.0.3 


PAGE  NO. 


5 


CENTRAL  PLANT  6003  CHILLER  CONTROL  ECO 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 
LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


3 

4  **  ELECTRIC  MOTOR  ** 

.00 

5346000. 

0. 

65. 


0. 

.28 

RECOVERABLE  HEAT  AUXILIARY  FUEL  IN 

(BTU/HR)  (BTU/HR) 


AF  RECOVERABLE  HEAT 
(BTU/HR) 


10 

48 

20 

68 

30 

91 

40 

116 

50 

148 

60 

170 

70 

193 

80 

224 

90 

256 

100 

284 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 

0. 


0. 

0. 

0. 


0. 


0. 

0. 

0. 


0. 


0. 

0. 


1.2.84 


PC -CUBE  VERSION  2.0.3 
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CENTRAL  PLANT  6003  CHILLER  CONTROL  ECO 


BOILER/HEATER  IDENT.  NO.  1 
MAXIMUM  OUTPUT,  BTU/HR  9410000. 
ELECTRIC  ACCESSORIES,  KW  0. 
STEAM  ACCESSORIES,  BTU/HR  0. 


LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

2798150. 

20 

3384150. 

30 

4849150. 

40 

6196950. 

50 

7442200. 

60 

8907200. 

70 

10357550. 

80 

11793250. 

90 

13228950. 

100 

14650000. 

BOILER/HEATER  IDENT.  NO.  2 

MAXIMUM  OUTPUT,  BTU/HR  9120000. 

ELECTRIC  ACCESSORIES,  KW  0. 

STEAM  ACCESSORIES,  BTU/HR  0. 

LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

2710250. 

20 

3032550. 

30 

4497550. 

40 

5947900, 

50 

7383600 

60 

8848600 

70 

10284300 

80 

11734650 

90 

13185000 

100 

14650000 

1.2*85 


PC-CUBE 


PAGE  NO 


7 


CENTRAL  PLANT  6003  CHILLER  CONTROL  ECO 

NUMBER  OF  EACH  DAY  TYPE  PER  MONTH 

MONTH  DAY  TYPE 

12  3 


JAN  23  8  0 

FEB  20  8  0 

MAR  21  10  0 

APR  0  0  30 

MAY  23  8  0 

JUN  20  10  0 

JUL  23  8  0 

AUG  22  9  0 

SEP  22  8  0 

OCT  0  0  31 

NOV  21  9  0 

DEC  22  9  0 


HEATING 


INPUT  ENERGY  LOADS  FOR  SYNTHETIC  LOADS  GENERATOR 
COOLING  ELECTRIC 


PROCESS 


PEAK 

LOAD 

THOUSAND 

MILLION 

MONTH 

BTU/HR 

BTU 

JAN 

23809.0 

4711.0 

FEB 

23809.0 

3064.0 

MAR 

23809.0 

3064.0 

APR 

.0 

.0 

MAY 

.0 

.0 

JUN 

.0 

.0 

JUL 

.0 

.0 

AUG 

.0 

.0 

SEP 

.0 

.0 

OCT 

.0 

.0 

NOV 

9454.0 

2527.0 

DEC 

23809.0 

3064.0 

TOTAL 

16430.0 

PEAK  LOAD  DEMAND 

THOUSAND  MILLION 

BTU/HR  BTU  KILOWATT 

.0  .0  -0 

.0  .0  .0 

.0  .0  .0 

.0  .0  .0 

3233.0  6182.0  .0 

8525.0  6504.0  .0 

8525.0  6625.0  -0 

8525.0  6626.0  .0 

8525.0  6387.0  .0 

.0  .0  .0 

.0  .0  .0 

.0  .0  .0 


32324.0 


LOAD  peak  load 

THOUSAND  THOUSAND  MILLION 

KWH  BTU/HR  BTU 

.0  .0  -0 

.0  .0  *° 

.0  .0  .0 

.0  .0  .0 

.0  .0  .0 

.0  .0  .0 

.0  .0  .0 

.0  .0  .0 

.0  .0  .0 

.0  .0  .0 

.0  .0  .0 

.0  .0  .0 

.0  .0 


1.2.86 
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CENTRAL  PLANT  6003  CHILLER  CONTROL  ECO 

INPUT  LOAD  PROFILES 


HEATING 

COOLING 

HOUR 

DAY  TYPE 

DAY  TYPE 

1  2 

3 

1  2 

3 

ELECTRIC 
DAY  TYPE 
12  3 


PROCESS 
DAY  TYPE 
12  3 


1 

.700 

.700 

.000 

.200 

2 

.700 

.700 

.000 

.200 

3 

.700 

.700 

.000 

.200 

4 

.700 

.700 

.000 

.200 

5 

.700 

.700 

.000 

.200 

6 

.700 

.700 

.000 

.200 

7 

.700 

.700 

.000 

.200 

8 

.700 

.700 

.000 

.200 

9 

.700 

.700 

.000 

.200 

10 

.700 

.700 

.000 

.200 

11 

.700 

.700 

.000 

.200 

12 

.700 

.700 

.000 

.200 

13 

.500 

.500 

.000 

.400 

14 

.500 

.500 

.000 

.400 

15 

.500 

.500 

.000 

.400 

16 

.500 

.500 

.000 

.400 

17 

.500 

.500 

.000 

.400 

18 

.500 

.700 

.000 

.400 

19 

.700 

.700 

.000 

.400 

20 

.700 

.700 

.000 

.400 

21 

.700 

.700 

.000 

.200 

22 

.700 

.700 

.000 

.200 

23 

.700 

.700 

.000 

.200 

24 

.700 

.700 

.000 

.200 

200 

.000 

.500 

.500 

.500 

200 

.000 

.500 

.500 

.500 

200 

.000 

.500 

.500 

.500 

200 

.000 

.500 

.500 

.500 

200 

.000 

.500 

.500 

.500 

200 

.000 

.700 

.700 

.700 

200 

.000 

.700 

.700 

.700 

200 

.000 

.700 

.700 

.700 

200 

.000 

.700 

.700 

.700 

200 

.000 

.700 

.700 

.700 

,200 

.000 

.700 

.700 

.700 

,200 

.000 

.700 

.700 

.700 

.400 

.000 

.700 

.700 

.700 

,400 

.000 

.700 

.700 

.700 

,400 

.000 

.700 

.700 

.700 

.400 

.000 

.700 

.700 

.700 

.400 

.000 

.700 

.700 

.700 

.400 

.000 

.700 

.700 

.700 

.400 

.000 

.700 

.700 

.700 

.400 

.000 

.500 

.500 

.500 

.200 

.000 

.500 

.500 

.500 

.200 

.000 

.500 

.500 

.500 

.200 

.000 

.500 

.500 

.500 

.200 

.000 

.500 

.500 

.500 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

PROFILE  ADJUSTMENT  START  AND  STOP  TIME,  NUMBER  OF  DAY 
HEATING  COOLING 


TYPES  TO  ADJUST  AND  LIMIT  OF  RANDOM  VARIATION 
ELECTRIC  PROCESS 


START  HOUR  0 

END  HOUR  24 

NO  DAY  TYPES  2 
ADJUST  LIMIT  .30 


0 

24 

2 

.00 


0 

24 

3 

.30 


0 

0 

0 

.00 


HOURS  OF  AUXILIARY  FUEL  IN  EACH  MONTH 

ooooooooooo 
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CENTRAL  PLANT  6003  CHILLER  CONTROL  ECO 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 

FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 


TOTAL  GAS  CONSUMP.,  1000  CU  FT  26405. 

PEAK  DAY  GAS  CONSUMP . ,  1000  CU  FT  270. 


ELECTRICAL  CONSUMPTION ,  KWH 
PEAK  KW  DEMAND  (15  MIN  BASIS) 
PURCHASED  ELECTRIC  POWER 
ON -PEAK  CONSUMPTION  KWH 
ON-PEAK  KW  DEMAND  (15  MIN  BASIS) 
MID- PEAK  CONSUMPTION  KWH 
MID-PEAK  KW  DEMAND  (15  MIN  BASIS) 
OFF-PEAK  CONSUMPTION  KWH 
OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 
GENERATED  ELECTRICAL  POWER  KWH 
SOLD  ELECTRICAL  POWER  KWH 


1826896. 

566. 

1826896. 

566. 

0. 

0. 

0. 

0. 

0. 

0. 


AUXILIARY  FUEL  CONSUMPTION 


DIR.  PROC.  GAS  CONSUMP.,  1000  CF 
CHILLER  OPERATING  HOURS 
CHILLER  1 
CHILLER  2 

BOILER  OPERATING  HOURS 
BOILER  1 
BOILER  2 


0. 

3672 

2928 

3624 

0 


RECOVERABLE  HEAT  USED,  MB'TU 
RECOVERABLE  HEAT  UNUSED,  MBTU 


**  TOTAL 


** 


1.2.88 
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JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 

0.  0  0 

0.0  0 

0.  0  0 

0.0  0 

0.0  0 

0.  0  0 

0.0  0 

0.0  0 

0.0  0 

0.0  0 

0.0  0 

0.  0  o 

MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  HEATING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 

0.  0  0 

0.0  0 

0.  0  0 

0.  0  0 

0.  0  o 

0.0  0 

0.  0  0 

0.0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 
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PAGE  NO.  11 


SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

COUNT  OF 

COOLING 

LOAD 

HOURS 

JAN 

0 

FEB 

0 

MAR 

0 

APR 

0 

MAY 

744 

JUN 

720 

JUL 

744 

AUG 

744 

SEP 

720 

OCT 

0 

NOV 

0 

DEC 

0 

1.2.90 
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ANNUAL  NUMBER  OF  HOURS  AT  10  PERCENT  INCREMENTS  OF  LOAD 


PAGE  NO.  12 


SYSTEM  Cl  NORMAL  HEATING 


CHR  0-10  11-20 

TOTAL 

1  0  0 

3672 

2  0  0 

2928 

BLR  0-10  11-20 

TOTAL 

10  0 

3624 

2  0  0 

0 


COOLING  LOADS 

21-30  31-40  41-50  51-60 

0  0  0  0 

0  0  0  0 

21-30  31-40  41-50  51-60 

155  771  1403  718 

0  0  0  0 


61-70  71-80  81-90  91-100 

744  2928  0  0 

0  2928  0  0 

61-70  71-80  81-90  91-100 

230  310  37  0. 

0  0  0  0 
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CENTRAL  PLANT  6003  CHILLER  CONTROL  ECO 


GAS  GAS 

DEMAND  CONSUMP 
MCF  MCF 


**** **************  PURCHASED  ELECTRICAL  ***************** 


ON-PK 

ON-PK 

MID-PK 

MID-PK 

OFF-PK 

OFF-PK 

AUX 

AUX 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

FUEL 

FUEL 

KW 

THOU  KWH 

KW 

THOU  KWH 

KW 

THOU  KWH 

CONSUMP 

HRS 

Cl 

1 

270. 

7413, 

Cl 

2 

201. 

4899, 

Cl 

3 

181. 

4952. 

Cl 

4 

0. 

0 

Cl 

5 

0. 

0 

Cl 

6 

0. 

0 

Cl 

7 

0. 

0 

Cl 

8 

0. 

0 

Cl 

9 

0. 

0 

Cl 

10 

0. 

0 

Cl 

11 

157. 

4189 

Cl 

12 

180. 

4952 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  o,  o. 

228.  170.  0. 

566.  407.  0. 

566.  421.  0. 

566.  421.  0. 

566.  407.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 


0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 


0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  o. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 
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CENTRAL  PLANT  6003  CHILLER  CONTROL  ECO 


COOLING 

COOLING 

HEAT 

HEAT 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

TONS 

TON -HRS 

MBH 

MMBTU 

RECOVBL 

RECOVBL 

ELECT 

ELECT 

GEN 

SOLD 

HEAT 

HEAT 

DEMAND 

CONSUMP 

ELECT 

ELECT 

USED 

UNUSED 

KW 

THOU  KWH 

THOU  KWH 

THOU  KWH 

MMBTU 

MMBTU 

Cl 

1 

0. 

0. 

Cl 

2 

0. 

0. 

Cl 

3 

0. 

0. 

Cl 

4 

0. 

0 

Cl 

5 

269. 

200426 

Cl 

6 

710. 

511449 

Cl 

7 

710. 

528498. 

Cl 

8 

710. 

528498, 

Cl 

9 

710. 

511449, 

Cl 

10 

0. 

0, 

Cl 

11 

0. 

0 

Cl 

12 

0. 

0 

7632.  4711.  0. 

5637.  3064.  0. 

5049.  3064.  0. 

0.  0.  0. 

0.  0.  228, 

0.  0.  566, 

0.  0.  566, 

0.  0.  566, 

0.  0.  566 

0.  0.  0 

4288.  2527.  0 

5009.  3064.  0 


0.  0.  0. 

0.  0.  o. 

0.  0.  0. 

0.  0.  0. 

170.  0.  0, 

407.  0.  0, 

421.  0.  0, 

421.  0.  0, 

407.  0.  0, 

0.  0.  0 

0.  0.  0 

0.  0.  0 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
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CENTRAL  PLANT  6003  BOILER  CONTROL  ECO 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 

NUMBER  OF  SYSTEMS 

DIFFERENT  TYPE  GENERATORS 

DIFFERENT  TYPE  CHILLERS 

DIFFERENT  TYPE  BOILERS  OR  HEATERS 

NATURAL  GAS  HIGHER  HEATING  VALUE 

NATURAL  GAS  LOWER  HEATING  VALUE 

AUXILIARY  FUEL 

AUXILIARY  FUEL  HEATING  VALUE 

KILOWATT  DEMAND  BILLING  BASIS  (MINUTES) 

DEMAND  FACTOR*  (TIMES  HOURLY  KILOWATT  AVERAGE) 


1 

0 

3 

2 

1000. 

951. 

1. 

15 

1.00 


STEAM 

AF  PROC  TURB 
KEY  KEY  KEY 

o  o  o 

CHILLER  IDENTIFICATION  NUMBERS 

2300000000 


generator  chiller  percentage  direct  fired 

SYSTEM  OPERATION  OPERATION  PROCESS  HEAT  PROCESS  HEAT 

ID  SCHEDULE  SCHEDULE  DIRECT  FIRED  EFFICIENCY 


i  on. 


BOILER/HEATER  IDENTIFICATION  NUMBERS 


Cl 


^200000000 


*  NOTE-  DEMAND 
DURING 


FACTOR  =  ESTIMATED  RATIO  OF  THE  MAXIMUM  DEMAND  THAT  WILL  BE  RECORDED 
THE  BILLING  PERIOD  TO  THE  MAXIMUM  HOURLY  DEMAND  COMPUTED. 


AUX  FUEL  DESCRIPTION 


1. 
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CENTRAL  PLANT  6003  BOILER  CONTROL  ECO 
OPERATION  SCHEDULE  NO  1 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  PICKS  UP  THE  REMAINDER  OF  THE  LOAD,  ETC. 


OPERATION  SCHEDULE  NO  2 


THE  FIRST  UNIT  CARRIES  THE  LOAD 
THE  SECOND  UNIT  IS  THEN  STARTED 


UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
AND  BOTH  THE  FIRST  AND  SECOND  SHARE  THE  LOAD  EQUALLY,  ETC. 


OPERATION  SCHEDULE  NO  3 

ALL  UNITS  ARE  TURNED  ON  AND  SHARE  THE  LOAD  EQUALLY. 


OPERATION  SCHEDULE  NO  4 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TW>  a * 

THE  SECOND  UNIT  IS  THEN  STARTED  AND  THE  FIRST  UNIT  IS  STOPPED.  WHEN  THE  CAPACITY  (OR  CAPACITY 
TIME S^SWITCHOVER  FACTOR)  OF  THE  SECOND  UNIT  IS  REACHED,  A  THIRD  UNIT  IS  STARTED  AND  SHARES  THE  LOAD 
S^fwira^  second!  IF  THE  LOAD  IS  GREATER  THAN  THE  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER 
FACTOR)  OF  BOTH  UNITS,  THE  FIRST  IS  RESTARTED  AND  CARRIES  THE  EXCESS  LOAD. 


GENERATOR  TYPES 

1  -  RECIPROCATING  ENGINE 

2  =  GAS  TURBINE 

3  *  STEAM  TURBINE 


CHILLER  TYPES 

1  =  ABSORPTION 

2  =  STEAM  TURBINE 

3  =  ENGINE 

4  =  ELECTRIC  MOTOR 
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CENTRAL  PLANT  6003  BOILER  CONTROL  ECO 

Cl 

GENERATOR  SYSTEM  TYPE  0 

DAYTYPE  12  3 

GENERATOR  START  TIME  000 

GENERATOR  STOP  TIME  000 


ELECTRIC  COST  PER  KWH 
ELECTRIC  DEMAND  COST  PER  KW 
MINIMUM  DEMAND  FRACTION 


.01370 

1.78700 

1.00000 


GAS  COST  PER  CUBIC  FOOT  .29200 

GAS  COST  ADJUSTMENT  PER  CUBIC  FOOT  .00000 

WINTER  GAS  RATE  MULTIPLIER  FOR  SU1*€ER  RATES  .00000 

STARTING  MONTH  FOR  SUMMER  GAS  RATE  0 
ENDING  MONTH  FOR  SUMMER  GAS  RATE  0 

AUXILIARY  FUEL  COST  PER  UNIT  .00000 
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CENTRAL  PLANT  6003  BOILER  CONTROL  ECO 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 


LOAD 

ENERGY  IN 
(BTU/HR  OR  KW) 

10 

0. 

20 

0. 

30 

0. 

40 

0. 

50 

1. 

60 

1. 

70 

1. 

80 

1. 

90 

1. 

100 

1. 

1 

4  **  ELECTRIC  MOTOR  ** 


.00 

1000. 

0. 

0. 

0. 

.00 

RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


AUXILIARY  FUEL  IN 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


AF  RECOVERABLE  HEAT 
(BTU/HR) 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 


LOAD 

ENERGY  IN 
(BTU/HR  OR  KW) 

10 

48. 

20 

68. 

30 

91. 

40 

116. 

50 

142. 

60 

168. 

70 

193. 

80 

222. 

90 

253. 

100 

284. 

2 

4  **  ELECTRIC  MOTOR  ** 


.00 

5346000. 

0. 

64. 

0. 

.28 

RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


AUXILIARY  FUEL  IN 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


AF  RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
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CENTRAL  PLANT  6003  BOILER  CONTROL  ECO 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 
LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


3 

4  **  ELECTRIC  MOTOR 

.00 

5346000. 

0. 

65. 


0. 

.28 

RECOVERABLE  HEAT 
(BTU/HR) 


** 


AUXILIARY  FUEL  IN 
(BTU/HR) 


10 

© 

20 

68. 

30 

91. 

40 

116. 

50 

142. 

60 

168. 

70 

193. 

80 

222. 

90 

253. 

100 

284. 

0. 

0. 

0. 

0. 

0. 

0.. 

0. 

0. 

0. 


0. 


AF  RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
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CENTRAL  PLANT  6003  BOILER  CONTROL  ECO 


BOILER/HEATER  IDENT.  NO.  1 

MAXIMUM  OUTPUT,  BTU/HR  9430000. 

ELECTRIC  ACCESSORIES,  KW  0. 

STEAM  ACCESSORIES,  BTU/HR  0. 

LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

2798150. 

20 

3384150. 

30 

4849150. 

40 

6196950. 

50 

7442200. 

60 

8907200. 

70 

10357550. 

80 

11793250. 

90 

13228950. 

100 

14650000. 

BOILER/HEATER  IDENT.  NO.  2 

MAXIMUM  OUTPUT,  BTU/HR  9140000. 

ELECTRIC  ACCESSORIES,  KW  0. 

STEAM  ACCESSORIES,  BTU/HR  0. 

LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

2710250, 

20 

3032550. 

30 

4497550 

40 

5947900 

50 

7383600 

60 

8848600 

70 

10284300 

80 

11734650 

90 

13185000 

100 

14650000 
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CENTRAL  PLANT  6003  BOILER  CONTROL  ECO 

NUMBER  OF  EACH  DAY  TYPE  PER  MONTH 

MONTH  DAY  TYPE 

12  3 


JAN  23  8  0 

FEB  20  8  0 

MAR  21  10  0 

APR  0  0  30 

MAY  23  8  0 

JUN  20  10  0 

JUL  23  8  0 

AUG  22  9  0 

SEP  22  8  0 

OCT  0  0  31 

NOV  21  9  0 

DEC  22  9  0 


MONTH 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

TOTAL 


PROCESS 


PEAK 

THOUSAND 

BTU/HR 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


LOAD 

MILLION 

BTU 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 
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CENTRAL  PLANT  6003  BOILER  CONTROL  ECO 

INPUT  LOAD  PROFILES 

ELECTRIC  PROCESS 

DAY  TYPE  DAY  TYPE 

12  3  12  3 


HEATING 

COOLING 

HOUR 

DAY  TYPE 

DAY  TYPE 

1  2 

3 

1  2 

3 

1 

.700 

.700 

.000 

.300 

2 

.700 

.700 

.000 

.300 

3 

.700 

.700 

.000 

.300 

4 

.700 

.700 

.000 

.300 

5 

.700 

.700 

.000 

.300 

6 

.700 

.700 

.000 

.300 

7 

.700 

.700 

.000 

.300 

8 

.700 

.700 

.000 

.300 

9 

.700 

.700 

.000 

.300 

10 

.700 

.700 

.000 

.300 

11 

.700 

.700 

.000 

.300 

12 

.700 

.700 

.000 

.300 

13 

.500 

.500 

.000 

.700 

14 

.500 

.500 

.000 

.700 

15 

.500 

.500 

.000 

.700 

16 

.500 

.500 

.000 

.700 

17 

.500 

.500 

.000 

.700 

18 

.500 

.700 

.000 

.700 

19 

.700 

.700 

.000 

.700 

20 

.700 

.700 

.000 

.700 

21 

.700 

.700 

.000 

.300 

22 

.700 

.700 

.000 

.300 

23 

.700 

.700 

.000 

.300 

24 

.700 

.700 

.000 

.300 

300 

.000 

.500 

.500 

.500 

300 

.000 

.500 

.500 

.500 

300 

.000 

.500 

.500 

.500 

300 

.000 

.500 

.500 

.500 

300 

.000 

.500 

.500 

.500 

300 

.000 

.700 

.700 

.700 

300 

.000 

.700 

.700 

.700 

300 

.000 

.700 

.700 

.700 

300 

.000 

.700 

.700 

.700 

.300 

.000 

.700 

.700 

.700 

.300 

.000 

.700 

.700 

.700 

.300 

.000 

.700 

.700 

.700 

.700 

.000 

.700 

.700 

.700 

.700 

.000 

.700 

.700 

.700 

.700 

.000 

.700 

.700 

.700 

.700 

.000 

.700 

.700 

.700 

.700 

.000 

.700 

.700 

.700 

.700 

.000 

.700 

.700 

.700 

.700 

.000 

.700 

.700 

.700 

.700 

.000 

.500 

.500 

.500 

.300 

.000 

.500 

.500 

.500 

.300 

.000 

.500 

.500 

.500 

.300 

.000 

.500 

.500 

.500 

.300 

.000 

.500 

.500 

.500 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

PROFILE  ADJUSTMENT  START  AND 
HEATING 


STOP  TIME,  NUMBER  OF  DAY  TYPES  TO  ADJUST  AND 
COOLING  ELECTRIC 


LIMIT  OF  RANDOM  VARIATION 
PROCESS 


START  HOUR  0 

END  HOUR  24 

NO'  DAY  TYPES  2 
ADJUST  LIMIT  .30 


0 

24 

2 

.30 


0 

24 

3 

.30 


0 

0 

0 

.00 


HOURS  OF  AUXILIARY  FUEL  IN  EACH  MONTH 

oooooooo 


0  0  0 


1.2.101 


PC -CUBE  VERSION  2.0.3 
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CENTRAL  PLANT  6003  BOILER  CONTROL  ECO 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 

FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 


TOTAL  GAS  CONSUMP.,  1000  CU  FT 
PEAK  DAY  GAS  CONSUMP . ,  1000  CU  FT 


26355. 

269. 


ELECTRICAL  CONSUMPTION,  KWH 
PEAK  KW  DEMAND  (15  MIN  BASIS) 
PURCHASED  ELECTRIC  PCWER 
ON-PEAK  CONSUMPTION  KWH 
ON-PEAK  KW  DEMAND  (15  MIN  BASIS) 
MID -PEAK  CONSUMPTION  KWH 
MID-PEAK  KW  DEMAND  (15  MIN  BASIS) 
OFF-PEAK  CONSUMPTION  KWH 
OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 
GENERATED  ELECTRICAL  POWER  KWH 
SOLD  ELECTRICAL  POWER  KWH 


1847736. 

563. 

1847736. 

563. 

0. 

0. 

0. 

0. 

0. 

0. 


AUXILIARY  FUEL  CONSUMPTION 


DIR.  PROC.  GAS  CONSUMP.,  1000  CF 
CHILLER  OPERATING  HOURS 
CHILLER  1 
CHILLER  2 

BOILER  OPERATING  HOURS 
BOILER  1 
BOILER  2 


0. 


3672 

3672 

3624 

0 


RECOVERABLE  HEAT  USED,  MBTU 
RECOVERABLE  HEAT  UNUSED,  MBTU 


**  TOTAL 


** 


1.2.102 


MONTHLY  MAXI MUMS  AND  COUNT  OF  HOURS  THAT  COOLING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
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SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

MONTHLY  MAXI MUMS  AND  COUNT  OF  HOURS  THAT  HEATING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

1.2.103 


MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  ELECTRICAL  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
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SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

COUNT  OF 

COOLING 

LOAD 

HOURS 

JAN  0 

FEB  0 

MAR  0 

APR  0 

MAY  744 

JUN  720 

JUL  744 

AUG  744 

SEP  720 

OCT  0 

NOV  0 

DEC  0 


1.2.104 


PC -CUBE  VERSION  2.0.3 
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CENTRAL  PLANT  6003  BOILER  CONTROL  ECO 

ANNUAL  NUMBER  OF  HOURS  AT  10  PERCENT  INCREMENTS  OF  LOAD 


SYSTEM  Cl 
CHR 

1 

2 

BLR 

1 

2 


NORMAL 

0-10 

HEATING  AND 
11-20 

COOLING 

21-30 

LOADS 

31-40 

41-50 

51-60 

61-70 

71-80 

81-90 

91-100 

TOTAL 

0 

0 

0 

0 

128 

128 

616 

616 

0 

0 

0 

0 

62 

62 

2866 

2866 

0 

0 

0 

0 

3672 

3672 

0-10 

11-20 

21-30 

31-40 

41-50 

51-60 

61-70 

71-80 

81-90 

91-100 

TOTAL 

0 

0 

155 

771 

1421 

700 

230 

329 

n 

18 

n 

0 

0 

3624 

0 

1.2.105 


PC -CUBE  VERSION  2.0.3 
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CENTRAL  PLANT  6003  BOILER  CONTROL  ICO 


GAS  GAS 

DEMAND  CONSUMP 
MCF  MCF 


****************** 

PURCHASED 

ELECTRICAL 

***************** 

ON-PK 

ON-PK 

MID-PK 

MID-PK 

OFF-PK 

OFF-PK 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

KM 

THOU  KWH 

KM 

THOU  KWH 

KW 

THOU  KWH 

AUX 

FUEL 

CONSUMP 


Cl 

1 

269. 

7398. 

Cl 

2 

201. 

4390. 

Cl 

3 

181. 

4943. 

Cl 

4 

0. 

0, 

Cl 

5 

0. 

0, 

Cl 

6 

0. 

0. 

Cl 

7 

0. 

0, 

Cl 

8 

0. 

0 

Cl 

9 

0. 

0 

Cl 

10 

0. 

0 

Cl 

11 

157. 

4181 

Cl 

12 

179. 

4943 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  o.  0. 

287.  212.  0. 

563.  403.  0. 

563.  415.  0. 

563.  415.  0. 

563.  402.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 


0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  o. 

0.  0. 

0.  0. 

0.  o. 

0.  0. 

0.  o. 


0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 


AUX 

FUEL 

HRS 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


PAGE  NO.  14 


CENTRAL  PLANT  6003  BOILER  CONTROL  ECO 


COOLING 

COOLING 

HEAT 

DEMAND 

CONSUMP 

DEMAND 

TONS 

TON -HRS 

MBH 

Cl 

1 

0. 

0. 

7632. 

Cl 

2 

0. 

0. 

5637. 

Cl 

3 

0. 

0. 

5049. 

Cl 

4 

0. 

0. 

0. 

Cl 

5 

269. 

198025. 

0. 

Cl 

6 

710. 

508491. 

0. 

Cl 

7 

710. 

522166. 

0. 

Cl 

8 

710. 

523162. 

0. 

Cl 

9 

710. 

506564. 

0. 

Cl 

10 

0. 

0. 

0. 

Cl 

11 

0. 

0. 

4288. 

Cl 

12 

0. 

0. 

5009. 

PC -CUBE  VERSION  2.0.3 


ELECT  ELECT  GEN  SOLD 

DEMAND  CONSUMP  ELECT  ELECT 
KW  THOU  KWH  THOU  KWH  THOU  KWH 


RECOVBL  RECOVBL 

HEAT  HEAT 

USED  UNUSED 

MMBTU  MMBTU 


1.2.107 


PC-CUBE  VERSION  2.0.3 
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CENTRAL  PLANT  6003  BOILER  CONTROL -2  ECO 

SYSTEM  Cl  SUMMER  HW  LOAD  ONLY 

NUMBER  OF  SYSTEMS 

DIFFERENT  TYPE  GENERATORS 

DIFFERENT  TYPE  CHILLERS 

DIFFERENT  TYPE  BOILERS  OR  HEATERS 

NATURAL  GAS  HIGHER  HEATING  VALUE 

NATURAL  GAS  LOWER  HEATING  VALUE 

AUXILIARY  FUEL 

AUXILIARY  FUEL  HEATING  VALUE 

KILOWATT  DEMAND  BILLING  BASIS  (MINUTES) 

DEMAND  FACTOR*  (TIMES  HOURLY  KILOWATT  AVERAGE) 


1 

0 

3 

1 

1000. 

951. 

1. 

15 

1.00 


SYSTEM 

ID 

GENERATOR 

OPERATION 

SCHEDULE 

CHILLER 

OPERATION 

SCHEDULE 

PERCENTAGE 
PROCESS  HEAT 

direct  fired 

DIRECT  FIRED 
PROCESS  HEAT 
EFFICIENCY 

AF 

KEY 

PROC 

KEY 

STEAM 

TURB 

KEY 

Cl 

0 

3 

0. 

100. 

0 

0 

0 

CHILLER  IDENTIFICATION  NUMBERS 
;i  0030000000 

BOILER/HEATER  IDENTIFICATION  NUMBERS 
:1  1000000000 

*  NOTE-  DEMAND  FACTOR  -  ESTIMATED  RATIO  OF  THE  MAXIMUM  DEMAND  THAT  WILL  BE  RECORDED 
DURING  THE  BILLING  PERIOD  TO  THE  MAXIMUM  HOURLY  DEMAND  COMPUTED. 


AUX  FUEL  DESCRIPTION 


1. 


1.3.108 
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CENTRAL  PLANT  6003  BOILER  CONTROL- 2  ECO 


PC -CUBE  VERSION  2.0.3 


OPERATION  SCHEDULE  NO  1 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  PICKS  UP  THE  REMAINDER  OF  THE  LOAD,  ETC. 


OPERATION  SCHEDULE  NO  2 


THE  FIRST  UNIT  CARRIES  THE  LOAD 
THE  SECOND  UNIT  IS  THEN  STARTED 


UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
AND  BOTH  THE  FIRST  AND  SECOND  SHARE  THE  LOAD  EQUALLY,  ETC. 


OPERATION  SCHEDULE  NO  3 

ALL  UNITS  ARE  TURNED  ON  AND  SHARE  THE  LOAD  EQUALLY. 


OPERATION  SCHEDULE  NO  4 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  ^Sq^I^°^YF^!°^I^ACHED * 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  THE  FIRST  UNIT  IS  STOPPED.  WHEN  THE  CAPACITY  (OR  CAPACITY 
TIMES^ SWITCHOVER  FACTOR)  OF  THE  SECOND  UNIT  IS  REACHED,  A  THIRD  UNIT  IS  STARTED  AND  SHARES  T^LOAD 
EQUALLY  WITH  THE  SECOND.  IF  THE  LOAD  IS  GREATER  THAN  THE  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER 
FACTOR)  OF  BOTH  UNITS,  THE  FIRST  IS  RESTARTED  AND  CARRIES  THE  EXCESS  LOAD. 


GENERATOR  TYPES 


1  =  RECIPROCATING  ENGINE 

2  =  GAS  TURBINE 

3  =  STEAM  TURBINE 


CHILLER  TYPES 


ABSORPTION 
STEAM  TURBINE 
ENGINE 

ELECTRIC  MOTOR 


1.3.109 


PC -CUBE  VERSION  2.0.3 

CENTRAL  PLANT  6003  BOILER  CONTROL- 2  ECO 

Cl 

GENERATOR  SYSTEM  TYPE  0 

DAYTYPE  123  123  123  1 

GENERATOR  START  TIME  000 

GENERATOR  STOP  TIME  000 


ELECTRIC  COST  PER  KWH  .01370 

ELECTRIC  DEMAND  COST  PER  KW  1.78700 

MINIMUM  DEMAND  FRACTION  1.00000 

GAS  COST  PER  CUBIC  FOOT  .29200 

GAS  COST  ADJUSTMENT  PER  CUBIC  FOOT  .00000 

WINTER  GAS  RATE  MULTIPLIER  FOR  SUMMER  RATES  .00000 

STARTING  MONTH  FOR  SUMMER  GAS  RATE  0 
ENDING  MONTH  FOR  SUMMER  GAS  RATE  0 

AUXILIARY  FUEL  COST  PER  UNIT  .00000 


1.3.110 


PC -CUBE  VERSION  2.0.3 
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CENTRAL  PLANT  6003  BOILER  CONTROL- 2  ECO 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 
LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


1 

4  **  ELECTRIC  MOTOR 
.25 
1000. 

0. 


0. 


0. 

.00 

RECOVERABLE  HEAT  AUXILIARY  FUEL  IN 

(BTU/HR)  (BTU/HR) 


AF  RECOVERABLE  HEAT 
(BTU/HR) 


10 

0. 

20 

0. 

30 

0. 

40 

0. 

50 

1. 

60 

1. 

70 

1. 

80 

1. 

90 

1. 

100 

1. 

0. 

0. 


0. 


0. 

0. 


0. 


0. 

0. 


0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 


0. 

0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 


0. 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 


LOAD 

ENERGY  IN 
(BTU/HR  OR  KW) 

10 

48. 

20 

68. 

30 

91. 

40 

116. 

50 

142. 

60 

168. 

70 

193. 

80 

222. 

90 

253. 

100 

284. 

2 

4  **  ELECTRIC  MOTOR 
.00 
5346000. 

0. 

64. 

0. 

.28 

RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


AUXILIARY  FUEL  IN 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


AF  RECOVERABLE  HEAT 
(BTU/HR) 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


1.3.111 


CENTRAL  PLANT  6003  BOILER  CONTROL- 2  ECO 


PC-CUBE  VERSION  2.0.3 


PAGE  NO. 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 


LOAD 


ENERGY  IN 
(BTU/HR  OR  KW) 


4  **  ELECTRIC  MOTOR 
.00 
5346000. 

0. 

65. 

0. 

.28 

RECOVERABLE  HEAT 
(BTU/HR) 


10 

48. 

0, 

20 

68. 

0, 

30 

91. 

0, 

40 

116. 

0, 

50 

142. 

0, 

60 

168. 

0 

70 

193. 

0 

80 

222. 

0 

90 

253. 

0 

100 

284. 

0 

AUXILIARY  FUEL  IN 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


AF  RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


1.3.112 


PC -CUBE  VERSION  2.0.3 
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CENTRAL  PLANT  6003  BOILER  CONTROL- 2  ECO 


BOILER/HEATER  IDENT. 

NO. 

1 

MAXIMUM  OUTPUT,  BTU/HR  9430000. 

ELECTRIC  ACCESSORIES 

,  KW 

0. 

STEAM  ACCESSORIES,  BTU/HR 

0. 

LOAD 

ENERGY  IN 

(BTU/HR  OR  KW) 

10 

2783500. 

20 

3208350. 

30 

4688000. 

40 

6079750. 

50 

7383600. 

60 

8848600. 

70 

10313600. 

80 

11763950. 

90 

13199650. 

100 

14650000. 

1.3.113 


PC- CUBE 
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CENTRAL  PLANT  6003  BOILER  CONTROL-2  ECO 

NUMBER  OF  EACH  DAY  TYPE  PER  MONTH 


MONTH 

DAY  TYPE 

1 

2 

3 

JAN 

0 

0 

31 

FEB 

0 

0 

20 

MAR 

0 

0 

31 

APR 

22 

8 

0 

MAY 

23 

8 

0 

JUN 

20 

10 

0 

JUL 

23 

8 

0 

AUG 

22 

9 

0 

SEP 

22 

8 

0 

OCT 

23 

8 

0 

NOV 

0 

0 

30 

DEC 

0 

0 

31 

HEATING 


INPUT  ENERGY  LOADS  FOR  SYNTHETIC  LOADS  GENERATOR 
COOLING  ELECTRIC 


PROCESS 


PEAK 

LOAD 

THOUSAND 

MILLION 

MONTH 

BTU/HR 

BTU 

JAN 

.0 

.0 

FEB 

.0 

.0 

MAR 

.0 

.0 

APR 

6617.4 

1219.0 

MAY 

6617.4 

1180.0 

JUN 

6617.4 

1219.0 

JUL 

6617.4 

1219.0 

AUG 

6617.4 

1180.0 

SEP 

6617.4 

1180.0 

OCT 

6617.4 

1219.0 

NOV 

.0 

.0 

DEC 

.0 

.0 

TOTAL 

8416.0 

PEAK 

THOUSAND 

BTU/HR 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


LOAD 

MILLION 

BTU 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

•  0 


DEMAND 

KILOWATT 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


LOAD 

THOUSAND 

KWH 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


PEAK 

THOUSAND 

BTU/HR 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


LOAD 

MILLION 

BTU 


.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


.0 


1.3.114 
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CENTRAL  PLANT 


6003  BOILER  CONTROL-2  ECO 


PC- CUBE 


INPUT  LOAD  PROFILES 


HEATING 

COOLING 

ELECTRIC 

HOUR 

DAY  TYPE 

DAY  TYPE 

DAY  TYPE 

1  2 

3 

1  2 

3 

1  2 

PROCESS 
DAY  TYPE 
12  3 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 


.700 

.700 

.000 

.700 

.700 

.000 

.700 

.700 

.000 

.700 

.700 

.000 

.700 

.700 

.000 

.700 

.700 

.000 

.700 

.700 

.000 

.700 

.700 

.000 

.700 

.700 

.000 

.700 

.700 

.000 

.700 

.700 

.000 

.700 

.700 

.000 

.500 

.500 

.000 

.500 

.500 

.000 

.500 

.500 

.000 

.500 

.500 

.000 

.500 

.500 

.000 

.500 

.700 

.000 

.700 

.700 

.000 

.700 

.700 

.000 

.700 

.700 

.000 

.700 

.700 

.000 

.700 

.700 

.000 

.700 

.700 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.700 

.700 

.000 

.700 

.700 

.000 

.700 

.700 

.000 

.700 

.700 

.000 

.700 

.700 

.000 

.700 

.700 

.000 

.700 

.700 

.000 

.700 

.700 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.500 

.500 

.500 

.500 

.500 

.500 

.500 

.500 

.500 

.500 

.500 

.500 

.500 

.500 

.500 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.700 

.500 

.500 

.500 

.500 

.500 

.500 

.500 

.500 

.500 

.500 

.500 

.500 

.500 

.500 

.500 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

PROFILE  ADJUSTMENT 
HEATING 


START  AND  STOP  TIME,  NUMBER  OF  DAY  TYPES  TO  ADJUST 
COOLING  ELECTRIC 


AND  LIMIT  OF  RANDOM  VARIATION 
PROCESS 


START  HOUR  0 

END  HOUR  24 

NO  DAY  TYPES  2 
ADJUST  LIMIT  .30 


0 

24 

2 

.30 


0 

24 

3 

.30 


0 

0 

0 

.00 


HOURS  OF  AUXILIARY  FUEL  IN  EACH  MONTH 
0  0  0  0  0  0 


0  0 


0  0  0 


1.3.115 


PC  •'CUBE  VERSION  2.0.3 


PAGE  NO 


9 


CENTRAL  PLANT  6003  BOILER  CONTROL- 2  ECO 

SYSTEM  Cl  SUMMER  HW  LOAD  ONLY 

FUEL  AND  POWER  CONSUMPTION 

TOTAL  GAS  CONSUMP.,  1000  CU  FT 
PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT 

ELECTRICAL  CONSUMPTION,  KWH 
PEAK  KW  DEMAND  (15  MIN  BASIS) 

PURCHASED  ELECTRIC  PCWER 
ON-PEAK  CONSUMPTION  KWH 
ON-PEAK  KW  DEMAND  (15  MIN  BASIS) 

MID -PEAK  CONSUMPTION  KWH 
MID-PEAK  KW  DEMAND  (15  MIN  BASIS) 
OFF-PEAK  CONSUMPTION  KWH 
OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 
GENERATED  ELECTRICAL  POWER  KWH 
SOLD  ELECTRICAL  POWER  KWH 

AUXILIARY  FUEL  CONSUMPTION 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF 
CHILLER  OPERATING  HOURS 
CHILLER  1 

BOILER  OPERATING  HOURS 
BOILER  1 

RECOVERABLE  HEAT  USED,  MBTU 
RECOVERABLE  HEAT  UNUSED,  MBTU 


SYSTEM  Cl 

15959. 

32. 


0. 


0. 


0. 


0. 

0. 

0. 

0. 


0. 


0. 

0. 

0. 


0. 


0 

5136 

0. 

0. 


**  TOTAL 


** 


1.3.116 


MONTHLY  MAXI MUMS  AND  COUNT  OF  HOURS  THAT  COOLING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 


PAGE  NO.  10 


SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

MONTHLY  MAXI  MUMS  AND  COUNT  OF  HOURS  THAT  HEATING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

1.3.117 


MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  ELECTRICAL  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


PAGE  NO. 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


COUNT  OF  COOLING  LOAD  HOURS 
JAN  0 

0 


FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 
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1.3.118 


PC -CUBE  VERSION  2.0.3 


CENTRAL  PLANT  6003  BOILER  CONTROL- 2  ECO 

ANNUAL  NUMBER  OF  HOURS  AT  10  PERCENT  INCREMENTS  OF  LOAD 


SYSTEM  Cl  SUMMER  HW  LOAD  ONLY 
CHR  0-10  11-20 

1  0  0 

BLR  0-10  11-20 

1  0  4222 


21-30  31-40  41-50 

0  0  0 

21-30  31-40  41-50 

914  0  0 


51-60  61-70  71-80 

0  0  0 

51-60  61-70  71-80 

0  0  0 


81-90  91-100  TOTAL 

0  0  0 

81-90  91-100  TOTAL 

0  0  5136 


PC-CUBE  VERSION  2.0.3 


PAGE  NO.  13 


CENTRAL  PLANT  6003  BOILER  CONTROL -2  ECO 


******************  purchased 


GAS 

GAS 

ON-PK 

ON-PK 

MID-PK 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

DEMAND 

MCF 

MCF 

KW 

THOU  KWH 

KW 

electrical  ******** ** ** ***** 

MID-PK  QFF-PK  OFF-PK  AUX  AUX 

CONSUMP  DEMAND  CONSUMP  FUEL  FUEL 

THOU  KWH  KW  THOU  KWH  CONSUMP  HRS 


Cl 

1 

0. 

Cl 

2 

0. 

Cl 

3 

0. 

Cl 

4 

81. 

Cl 

5 

77, 

Cl 

6 

82, 

Cl 

7 

78, 

Cl 

8 

77, 

Cl 

9 

79 

Cl 

10 

78 

Cl 

11 

0 

Cl 

12 

0 

0.  0. 

0.  0. 

0.  0. 

2266.  0. 

2287.  0. 

2264.  0. 

2310.  0. 

2287.  0. 

2236.  0. 

2310.  0. 

0.  0. 

0.  o. 


0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 


0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  o. 


0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  o.  o. 

0.  0.  0. 

0.  0.  0. 


1.3.120 


CENTRAL  PLANT  6003  BOILER  CONTROL- 2  ECO 


PC -CUBE  VERSION  2.0.3 


COOLING  COOLING 
DEMAND  CONSUMP 
TONS  TON -HRS 


HEAT  HEAT 

DEMAND  CONSUMP 
MBH  MMBTU 


ELECT  ELECT 
DEMAND  CONSUMP 
KW  THOU  KWH 


GEN  SOLD 

ELECT  ELECT 

THOU  KWH  THOU  KWH 


RECOVBL 

HEAT 

USED 

MMBTU 


PAGE  NO. 


RECOVBL 

HEAT 

UNUSED 

MMBTU 


Cl 

1 

Cl 

2 

Cl 

3 

Cl 

4 

Cl 

5 

Cl 

6 

Cl 

7 

Cl 

8 

Cl 

9 

Cl 

10 

Cl 

11 

Cl 

12 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  2057. 

0.  0.  1912. 

0.  0.  2089. 

0.  0.  1975. 

0.  0.  1927. 

0.  0.  1992. 

0.  0.  1975. 

0.  0.  0. 

0.  0.  0. 


0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

1219.  0.  0. 

1180.  0.  0. 

1219.  0.  0. 

1219.  0.  0. 

1180.  0.  0. 

1180.  0.  0. 

1219.  0.  0. 

0.  0.  0. 

0.  0.  0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
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1.3.121 


APPENDIX  J 


PROJECT  2  -  CENTRAL  PLANT  PROJECT  FOR  BUILDINGS  5676  AND  5678 


APPENDIX  J.l  -  PROJECT  ANALYSIS 
APPENDIX  J.2  -  PC-CUBE  BASERUN 
APPENDIX  J.3  -  PC-CUBE  ECO  RUN 


APPENDIX  J.l 
PROJECT  ANALYSIS 


J.1.1 


ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 


CENTRAL  PLANT:  5678 

ENERGY  CONSERVATION  OPPORTUNITY:  PROJECT  2 

SYSTEM  MODIFICATION:  EXPAND  CENTRAL  PLANT  5678  TO  SERVE  BLDG.  5676  AND  5678 
SYSTEMS  TO  MODIFY:  BOILERS  AND  PUMPS 

CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 

Project  2  install  anew  automated  control  system,  boilers,  and  pumps. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  ecjuipmeit,  ^i 
systems  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Baseline _ 

ECO _ 

[Savinas  (Baseline-ECO) 


|  Electric  H 

Demand(kW) 

Enerav(kWh) 

311 

390,000 

3lTl 

390,000 

0 

0 

Nat.  Gas 
(MMBtu) 
10,419 
7.463 
~  2.956 


Total  Energy 
(MMBtu) 

1 1 .750  ~~ 

8.794 
2.956 


NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


$4.0141  /MMBtu  = 
$2.92  /MMBtu  = 


ENERGY  COST  SAVINGS: 

Electricity;  0  MMBtu/Yr  X  $4.0141  /MMBtu  . 

Nat.  Gas:  2956  MMBtu/Yr  X  $2.92  /MMBtu  = 

Total  Energy  Cost  Savings:  +  $8,632 

NON-ENERGY  SAVINGS  (+),  COST  (-): 

Demaid:  0  kVV/monlh  X  $1 .787  /kW  X 

_  /+)  $0  per  year 


$0  +  $8,632 


Demand: 


Maintenance: 

Total: 


$3,000  per  year 


$3,000 


$0  per  year 
$8,632  per  year 
$8,632  per  year 

12  months/year 


($3,000)per  year 


CO-SHT2.WK3] 


J.1.2 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  PROJECT2 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.062 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAREGION  NOS.  6  CENSUS:  3 
PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  CENTRAL  HEATING  PLANT  5678 
ANALYSIS  DATE:  04-02-92  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 


1.  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  SALVAGE  VALUE  COST 

E.  TOTAL  INVESTMENT  (1A  +  IB  +  1C  -  ID) 


$  293101. 

$  16121. 

$  17586. 

-$  0. 

$  326808. 


2. 


ENERGY  SAVINGS  (  +  )  /  COST  (-) 
ANALYSIS  DATE  ANNUAL  SAVINGS, 


UNIT  COST  &  DISCOUNTED  SAVINGS 


FUEL 

A.  ELECT 

B.  DIST 

C.  RESID 

D.  NAT  G 

E.  COAL 


UNIT  COST 
$/MBTU(l) 

$  4.01 
$  .00 
$  .00 
$  2.92 
$  .00 


SAVINGS 

MBTU/YR(2) 

0. 

0. 

0. 

2956. 

0. 

2956. 

/  COST ( — ) 


ANNUAL  $ 
SAVINGS ( 3 ) 

$  o. 

$  0. 

$  0. 

$  8632. 

$  0. 

$  8632. 


DISCOUNT 
FACTOR ( 4 ) 

15.61 

21.66 

26.51 

23.77 

16.06 


14.53 


DISCOUNTED 
SAVINGS ( 5 ) 

0. 

0. 

0. 

205171. 

0. 

$  205171. 


$  -3000. 

$  -43590. 

-43590. 


F .  TOTAL 

3.  NON  ENERGY  SAVINGS (+) 

A.  ANNUAL  RECURRING  (+/-) 

(1)  DISCOUNT  FACTOR  (TABLE 

(2)  DISCOUNTED  SAVING/ COST 

C.  TOTAL  NON  ENERGY  DISCOUNTED 


A) 

( 3A  X  3A1 ) 

SAVINGS ( + ) /COST ( - ) ( 3A2+3Bd4 ) $ 


67707. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  * 

A  IF  3D1  IS  -  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F) _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ ( YRS  ECONOMIC  LIFE ) ) $ 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $ 

(SIR)=(5  /  IF ) =  .49 


6.  DISCOUNTED  SAVINGS  RATIO 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB-1F/4 


58.03 


5632. 

161581. 


J.1.3 


c\j  oj  10  irT  oo  i o  t- 
n  in  w 


§  §  §  § 


£  g  5  55  5 

o  n  N  co  t- 

t-"  o>  op  col  <o| 


8  n  2  |  ! 

r-  <£  CVJ  t 


C|>  CC 

^  UJ  LU 

<  O  X 

Q  O  E 

<  o  o 


o 

- T 

LU 

z 

□ 

l— 

Q. 

o 

h? 

CD 

ZD 

CO 

8 

LU 

Q 

a 

LU 

|  I 


J  J  ui  iS  S5 


W  u_ 

o5| 

$  5 


2  uj  g 
O  pc  < 
O  F  cd 


a  a:  t 

i  j£  = 

a.  co  $ 
E  tr  dc 
mPH! 


£££ 
3  >  2 

(0  O  1 


go  2  ^ 

3  S  6 


DA  FORM  541 8- R,  APR  85 


J.  1.5 


SYMBOLS  LEGEND 


0 

0 

0 


B 


ALARM  CONTACT  SIGNAL 
FLOW  INDICATION 
PRESSURE  INDICATION 
METER 

ON-OFF  STATUS  SIGNAL 
DIFFERENTIAL  PRESSURE  SWITCH 
START-UP  INTERFACE 
TEMPERATURE  INDICATION 
FLUE  GAS  ANALYSIS,  OXYGEN 
KILOWATT  METER 
EXISTING-TO-NEW 


J.1.6 


n 


P-K  Thermific  Gas-Fired  Boiler 


A  New  Standard  of  Efficiency 
in  Non-Condensing  Boilers 


Water  heaters  •  warm-air  heaters  •  boilers  •  heat  exchangers  •  blenders  •  dryers  •  fractionation  internals  •  protective  linings  •  wear-resistant  steels 


P-K  TTiermific  Gas-Fired  Boiler 


A.G.A.  Design-Certified  for  natural  gas.  ASME  Certified  for  160  PSIG,  Section  IV.  National  Board  Registered. 


•  Pressure-temperature  gauge 

•  Water  flow  switch 

•  ASME  pressure  relief  valve 

•  two  diaphragm  main  gas  valves 

•  Main  gas  pressure  regulator 
(14"W.C.  max.  inlet) 

•  Low  gas  pressure  switch  (manual 
reset) 

•  Main  gas  plug  cock 

•  Solenoid  pilot  gas  valve 


Standard  Features 

•  Pilot  gas  filter 

•  Pilot  gas  pressure  regulator 

•  Pilot  gas  cock 

•  Interrupted  spark-ignited  pilot 

•  Flame  safe-guard  programmer 

•  Hi-limit  temperature  control 
with  manual  reset 

•  Operating  temperature  control 

•  Differential  air  pressure  switch 

•  Radial-fired  power  burner 

•  Interlocked,  finned,  copper 
water  tubes 


Adjustable  inlet  air  shutter 
Blower  assembly  with  “C”  frame 
motor 

Ten-point  diagnostic  annunciator 
control  panel 

16-gauge  (min.)  steel  outer  cabinet 
16-gauge  aluminum  inner  cabinet 
Baked  epoxy  finish 
Adjustable  levelers 


A.G.A.  Design-Certified 
Complies  with  ANSI  Z21 .13-1987 
Low-Press.  Boiler 


jA 


with  CAN1-3.1 
Ind.  &  Comm.  Boilers 


ASME  Code,  Section  IV 
Certified  by  Patterson-Kelley  Co. 


'w 


J.1.12 


JOB 


300Z- OOP 


EMC  ENGINEERS.  INC. 

SHEET  NO. 

CAL  OIJLATED  RY 

OF 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 

HHFOKFn  RY 

DATF 

SCALE 

I'  ]  f"  7  j  4  wj  Po  4  P 


fipiKip  TD  ^6 ni* 
A  ,  S>S>oy  DOO  K'  s'- 


//^  aM 


/-,PM  4." 


■M  U  • 


S'b'lb 


—  '  4  /0 


Z  ,2  7l;  OOo  t£T ■  J  * 

:.r  44  .coO 


^2.  PoPfS  ^  ^\4p^ 

3  4jQ 


\<ri 

Po<2_  S^7g> _  _ 

isp  /2-=-  /S~7d>M 

&a.cM 


J.1.13 


EMC  ENGINEERS,  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


JOB  _ 

SHEET  NO.  _ 

CALCULATED  BY 

CHECKED  BY  _ 

SCALE  _ 


?>007~  OOP 
1^0 


WC,  / 7  A 


P|  P5 

<3 O  *tOK)<. 


P7  ppl 

e. 

.7 

1PC>  v 

■  12.00^  _  ^ 

1  1 

■*** 

PD , 

j  C~-frT  jTP' 

loot?'  4 

nfD  D 

Cx\  UJ_ 

Po  MPT 

0 
i  «' 

i  "■ 

1 

V 

/ 

"2  A*  fO  A 

TTpv.j 

PD 

DU 

is- -Ft 

3po 

_*r 

"l.  6 

iSFT- 

MPP.i 

D 

\  0  rr- 

-3c?F  7,  pH) 


V  A  Po  M  A'V  o  C 

1 ’X)  p -P  _ 

•  r  n  - 


'7c?  ^7  pH 


2  cAj  Cj  D  f-  ;2  p/2 


/  --20F 


Total 


4p 


J.1.14 


till  13.01  15:iil 


ty.ln.l  (135  2537 


E  'I  (  EAMaEERS 


--  Atlanta. 


l^J[,ui5  tin/" 


series  1510  Pump  Selection  304.0  gpm  65.0  ft. 

Rank  Selections  by  Efficiency  or  Cost  (E/c)?  E 


Rank  Series  Size  Eff.  (%)  Dia.  (in.)  RPM  Mtr  HP  NOL  BHP 


1 

1510 

2-1/2BB 

75.2 

8.875 

1750 

7*500 

7.600 

2 

1510 

3BB 

74.3 

8.750 

1750 

7.500 

8.078 

3 

1510 

3  G 

73.9 

13,000 

1150 

7.500 

8.405 

4 

1510 

4G 

72*1 

12.500 

1150 

7.500 

8.784 

5 

1510 

2-1/2AB 

69.6 

5.000 

3500 

7.500 

7.614 

6 

1510 

4BC 

67.6 

8.375 

1750 

7.500 

10.979 

7 

1510 

5G 

66.4 

12.125 

1150 

7*500 

13*298 

8 

1510 

3AB 

55*4 

5.250 

3550 

10.000 

9.829 

9 

1510 

SBC 

48.1 

8.500 

1750 

15.000 

15.080 

< — J  View  a  pump  in  more  detail 
< — J  Choose  pumps  to  analyze  further 
<• — 1  Select  Triple  Duty  Valve  < — 3  Select  Suction  Diffuser 

< - 1  Return  to  Select  Pumps 

Pump  Selection:  Series  1510 


Performance  Rank: 

1 

Cost  rank: 

3 

Pump  Size: 

2-1/2BB 

Pump  speed: 

1750  RPM 

Total  Capacity: 

304*0  GPM 

Total  Head: 

65.0* 

Efficiency: 

75.22% 

NPSH  req: 

8.73  ' 

Discharge  size: 

2 . 500” 

Velocity: 

20.37  FPS 

Suction  size: 

3.000” 

Velocity: 

13.19  FPS 

Impeller  Diameter: 
End-of -curve  BHP: 

8.875” 

7.600 

(at  design: 

70.2%) 

Pump  power,  BHP: 

6*632 

(  4.946  Kw) 

Motor  power,  HP: 

7.500 

( BHP/ HP  - 

0.88) 

Motor:  SE  AC  MOTOR  230/460V  213T-24  A  346257 

7.500  HP  1745  RPM  4  poles  60.000  HZ  3  phase 


Voltage:  230/460  RPM:  1754.5  Eff:  85.44% 

AMP:  17.86/  8.93  P.F.:  81.37%  KVA:  7.114 


Annual  Operating  Cost  per  pump  -  $  5070.98 

for  8760  hours  annually  at  $0.10  /  kwh 
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Series  1510  Pump  Selection  570.0  gpm 

Rank  Selections  by  Efficiency  or  Cost  (E/C)?  E 


40.0  ft. 


Rank 

Series 

size 

Eff.  (%) 

Dia.  (in.) 

RPM 

Mtr  HP 

N0L  BHP 

1 

1510 

5E 

84.6 

10.250 

1150 

7.500 

7.898 

2 

1510 

4  AC 

84.0 

7 . 000 

1750 

7.500 

7 . 174 

3 

1510 

4BC 

80.9 

7.375 

1750 

7.500 

7.412 

4 

1510 

5A 

79.9 

7 . 000 

1750 

7,500 

7.832 

5 

1510 

5G 

78.7 

10.500 

1150 

7.500 

8.235 

6 

1510 

6G 

72.9 

10.125 

1150 

10.000 

11.137 

7 

1510 

SBC 

72.4 

7.125 

1750 

10.000 

8.581 

8 

1510 

65 

68. R 

10.250 

1150 

10.000 

11.765 

9 

1510 

3BB 

57  *  5 

9,375 

1750 

10.000 

9.881 

10 

1510 

3AB 

55.2 

5.375 

3550 

15.000 

11.289 

<  - 1  View  a  pump  in  more  detail 

< — 1  Choose  pumps  to  analyze  further 
< — 1  Select  Triple  Duty  Valve  < — J  Select  Suction  Diffuser 

<  - 1  Return  to  Select  Pumps 

Pump  Selection:  Series  1510 

Performance  Rank:  1  Cost  rank:  7 


Pump  Size: 

Total  Capacity: 
Efficiency: 
Discharge  size: 
Suction  size: 
Impeller  Diameter: 
End-of -curve  BHP: 
Pump  power,  BHP: 
Motor  power,  HP: 


5E  Pump  speed: 

,  0  GPM  Total  Head: 
.55%  NPSH  req: 
.000"  Velocity: 
.000"  Velocity: 
.250" 

.898  (at  design: 
.808  (  5.077  Kw) 

.500  (BHP/HP  = 


1150  RPM 
40.0' 
4.57' 
9.14  FPS 
6.33  FPS 

61.3%) 

0.91) 


Motor:  SE  AC  MOTOR  230/460V  A  254-24  A  353117 

7.500  HP  1155  RPM  6  poles  60.000  HE  3  phase 


Voltage:  230/460 
AMP:  20.91/  10.46 


RPM:  1162.1 

P.F.:  71.05% 


Eff:  85.76% 

KVA:  8.331 


Annual  Operating  Cost  per  pump  =  $  5185.32 

for  8760  hours  annually  at  $0.10  /  kwh 
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Series  1510  Pump  Selection  1576.0  gpra  30.0  ft. 

Rank  Selections  by  Efficiency  or  Cost  (E/C)?  E 


Rank 

Series 

Size 

Eff.  (%) 

Dia.  (in.) 

RPM 

Mtr  HP 

NOL  BHP 

1 

1510 

6E 

80. 7 

10*875 

1150 

15.000 

14.649 

2 

1510 

6BC 

72.7 

7.750 

1770 

20.000 

17.658 

3 

1510 

6  G 

64.4 

11.750 

1150 

20.000 

18.827 

< -  View  a  pump  in  more  detail 

< — 1  Choose  pumps  to  analyze  further 
< — J  Select  Triple  Duty  Valve  < — J  Select  Suction  Diffuser 

< — 1  Return  to  Select  Pumps 
Pump  Selection?  Series  1510 

Performance  Rank:  1  Cost  rank:  2 


Pump  Size: 

Total  Capacity:  1576. 

Efficiency:  80. 

Discharge  size:  6.000" 

Suction  size:  8.000" 

Impeller  Diameter:  10.875" 

End-of-curv®  BHP:  14.649 

Pump  power,  BHP:  14.789 

Motor  power,  HP:  15.000 


6E  Pump  speed: 

0  GPM  Total  Head: 
71%  HPSH  req: 

Velocity: 
Velocity: 

(at  design: 

(  11.028  Kw) 
(BHP/HP  - 


1150  RPM 
30.0' 
10.80* 
17.50  FPS 
10.11  FPS 

93.4%) 

0.99) 


Motor:  SE  AC  MOTOR  230/460V  284-09  R  368454 

15.000  HP  1176  RPM  6  poles  60.000  HZ  3  phase 

Voltage:  230/460  RPM:  1177.0  Eft:  87.71% 

AMP:  41.63/  20.81  P.F.:  75.82%  KVA:  16.582 


Annual  Operating  Cost  per  pump  =  $  11014.19 
for  8760  hours  annually  at  $0.10  /  kwh 
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CLUIY  &  A1SOCI/HES,  MUIC. 


S4S  Dutch  Valley  Rd.  N.E.  *  Atlanta,  Georgia  30324 
Area  Code  404  Telephone  873’1861 

FAX  MESSAGE 


CARL  LUMDSTRQM _ 


DEPT: 


COMPANY! 


E  .  M .  C  .  ENG  X  NEERS  .  IFC  . 


FAX  #: 


FROM: _ CHARLIE  WHEELER _ 


DATE :  _ 09/18/91 


SUBJECT: _ FT .  S.l.LL..._CEMTPAL..?J^iriL _ _ _ _ _ _ 

MESSAGE; _ £ AP.L. .  .  UfiftELABE  T HE  EUQGELJRSI .CJBSL  WHICH  -Y.Q.I i - 

_ JiE'QUE S.T;EJi _ SUO.MiaP  lOU-HAliE AID'.  .QUESTIONS  ,  P.LFAO.E - 


call 


THANKS , 


(  .Aj  — 

CHARLXE.... WHEELER _ 


CIAPX  &  ASSOCIATES  FAX  //  404  873-1867 
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APPENDIX  J.2 
PC-CUBE  BASERUN 
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BUILDING  5676 


J.2.2 


PC -CUBE  VERSION  2.0.3 
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CENTRAL  PLANT  5676  BASELINE 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING 

NUMBER  OF  SYSTEMS  1 
DIFFERENT  TYPE  GENERATORS  0 
DIFFERENT  TYPE  CHILLERS  1 
DIFFERENT  TYPE  BOILERS  OR  HEATERS  2 
NATURAL  GAS  HIGHER  HEATING  VALUE  1000. 
NATURAL  GAS  LOWER  HEATING  VALUE  951. 
AUXILIARY  FUEL 

AUXILIARY  FUEL  HEATING  VALUE  !• 
KILOWATT  DEMAND  BILLING  BASIS  (MINUTES)  15 
DEMAND  FACTOR*  (TIMES  HOURLY  KILOWATT  AVERAGE)  1.00 


SYSTEM 

ID 

GENERATOR 

OPERATION 

SCHEDULE 

CHILLER 

OPERATION 

SCHEDULE 

PERCENTAGE 

PROCESS  HEAT 
DIRECT  FIRED 

DIRECT  FIRED 

PROCESS  HEAT 

EFFICIENCY 

AF 

KEY 

PROC 

KEY 

STEAM 

TURB 

KEY 

Cl 

0 

1 

0. 

100. 

0 

0 

0 

CHILLER  IDENTIFICATION  NUMBERS 
Cl  1000000000 

BOILER/HEATER  IDENTIFICATION  NUMBERS 
Cl  1200000000 


NOTE-  DEMAND  FACTOR  =  ESTIMATED 
DURING  THE  BILLING  PERIOD 


RATIO  OF  THE  MAXIMUM  DEMAND  THAT  WILL  BE  RECORDED 
TO  THE  MAXIMUM  HOURLY  DEMAND  COMPUTED. 


AUX  FUEL  DESCRIPTION 


1. 
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PC -CUBE  VERSION  2.0.3 
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CENTRAL  PLANT  5676  BASELINE 
OPERATION  SCHEDULE  NO  1 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  PICKS  UP  THE  REMAINDER  OF  THE  LOAD,  ETC. 

OPERATION  SCHEDULE  NO  2 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  BOTH  TEE  FIRST  AND  SECOND  SHARE  THE  LOAD  EQUALLY,  ETC. 


OPERATION  SCHEDULE  NO  3 

ALL  UNITS  ARE  TURNED  ON  AND  SHARE  THE  LOAD  EQUALLY. 


OPERATION  SCHEDULE  NO  4 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  THE  FIRST  UNIT  IS  STOPPED.  WHEN  THE  CAPACITY  (OR  CAPACITY 
TIMES  SWITCHOVER  FACTOR)  OF  THE  SECOND  UNIT  IS  REACHED ,  A  THIRD  UNIT  IS  STARTED  AND  SHARES  THE  LOAD 
EQUALLY  WITH  THE  SECOND.  IF  THE  LOAD  IS  GREATER  THAN  THE  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER 
FACTOR)  OF  BOTH  UNITS,  THE  FIRST  IS  RESTARTED  AND  CARRIES  THE  EXCESS  LOAD. 


GENERATOR  TYPES 

1  =  RECIPROCATING  ENGINE 

2  =  GAS  TURBINE 

3  *  STEAM  TURBINE 


CHILLER  TYPES 

1  =  ABSORPTION 

2  =  STEAM  TURBINE 

3  =  ENGINE 

4  =  ELECTRIC  MOTOR 
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CENTRAL  PLANT  5676  BASELINE 

Cl 

GENERATOR  SYSTEM  TYPE  0 

DAYTYPE  1  2 

GENERATOR  START  TIME  0  0 

GENERATOR  STOP  TIME  00 


3 

0 

0 


1  2 


2  3  12  3 


ELECTRIC  COST  PER  KWH 
ELECTRIC  DEMAND  COST  PER  KW 
MINIMUM  DEMAND  FRACTION 


.01370 

1.78700 

1.00000 


GAS  COST  PER  CUBIC  FOOT  .29200 

GAS  COST  ADJUSTMENT  PER  CUBIC  FOOT  .00000 

WINTER  GAS  RATE  MULTIPLIER  FOR  SUMMER  RATES  .00000 

STARTING  MONTH  FOR  SUMMER  GAS  RATE  0 
ENDING  MONTH  FOR  SUMMER  GAS  RATE  0 

AUXILIARY  FUEL  COST  PER  UNIT  .00000 
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CENTRAL  PLANT  5676  BASELINE 


PC-CUBE  VERSION  2.0.3 


PACE  NO.  4 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 
LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

23 

20 

32 

30 

41 

40 

51 

50 

61 

60 

73 

70 

87 

80 

119 

90 

123 

100 

145 

1 

4  **  ELECTRIC  MOTOR 
.00 
1183000. 

0. 

20. 

0. 

.27 

RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


AUXILIARY  FUEL  IN 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


AF  RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


PC -CUBE  VERSION  2.0.3 
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CENTRAL  PLANT  5676  BASELINE 


BOILER/HEATER  IDENT.  NO.  1 
MAXIMUM  OUTPUT,  BTU/HR  1800000. 
ELECTRIC  ACCESSORIES,  KW  0. 
STEAM  ACCESSORIES,  BTU/HR  0. 


LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

533750, 

20 

671000, 

30 

994300, 

40 

1308450, 

50 

1616500 

60 

1918450 

70 

2211250 

80 

2497950 

90 

2775500 

100 

3050000 

BOILER/HEATER  IDENT.  NO. 

MAXIMUM  OUTPUT,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES,  BTU/HR 

LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

506300, 

20 

646600 

30 

963800 

40 

1274900 

50 

1582950 

60 

1884900 

70 

2183800 

80 

2476600 

90 

2766350 

100 

3050000 

2 

1710000. 

0. 

0. 
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CENTRAL  PLANT  5676  BASELINE 


NUMBER  OF  EACH  DAY  TYPE  PER  MONTH 


MONTH 

DAY  TYPE 

1  2 

3 

JAN 

23 

8 

0 

FEB 

20 

8 

0 

MAR 

21 

10 

0 

APR 

0 

0 

30 

MAY 

23 

8 

0 

JUN 

20 

10 

0 

JUL 

23 

8 

0 

AUG 

22 

9 

0 

SEP 

22 

8 

0 

OCT 

0 

0 

31 

NOV 

21 

9 

0 

DEC 

22 

9 

0 

’  HEATING  " 

PEAK 

LOAD 

THOUSAND 

MILLION 

MONTH 

BTU/HR 

BTU 

JAN 

3279.0 

780.0 

FEB 

3279.0 

553.0 

MAR 

3279.0 

395.0 

APR 

.0 

.0 

MAY 

.0 

.0 

JUN 

.0 

.0 

JUL 

.0 

.0 

AUG 

.0 

.0 

SEP 

.0 

.0 

OCT 

.0 

.0 

NOV 

549.0 

279.0 

DEC 

3279.0 

596.0 

INPUT  ENERGY  LOADS  FOR  SYNTHETIC  LOADS  GENERATOR 


'  COOLING  - 

..  ....  .. 

PEAK 

LOAD 

DEMAND 

LOAD 

THOUSAND 

MILLION 

THOUSAND 

BTU/HR 

BTU 

KILOWATT 

KWH 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

369.0 

66.0 

.0 

.0 

1582.0 

141.0 

.0 

.0 

1582.0 

168.0 

.0 

.0 

1582.0 

168.0 

.0 

.0 

1582.0 

114.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

PROCESS 


PEAK  LOAD 

THOUSAND  MILLION 

BTU/HR  BTU 


.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


.0 
.0 
.0 
.0 
.0 
.0 
.0 
•  0 
.0 
.0 
.0 
.0 


TOTAL 


2603.0 


657.0  .0 
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CENTRAL  PLANT  5676  BASELINE 


INPUT  LOAD  PROFILES 


HEATING 

HOUR  DAY  TYPE 


1 

2 

1 

.700 

.700 

2 

.700 

.700 

3 

.700 

.700 

4 

.700 

.700 

5 

.700 

.700 

6 

1.000 

1.000 

7 

.700 

.700 

8 

.700 

.700 

9 

.700 

.700 

10 

.700 

.700 

11 

.700 

.700 

12 

.700 

.700 

13 

.500 

.500 

14 

.500 

.500 

15 

.500 

.500 

16 

.500 

.500 

17 

.500 

.500 

18 

.500 

.700 

19 

.700 

.700 

20 

1.000 

1.000 

21 

1.000 

1.000 

22 

.700 

.700 

23 

.700 

.700 

24 

.700 

.700 

COOLING 
DAY  TYPE 


1 

2 

3 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.700 

.700 

.000 

.700 

.700 

.000 

1.000 

1.000 

.000 

1.000 

1.000 

.000 

1.000 

1.000 

.000 

.700 

.700 

.000 

.700 

.700 

.000 

.700 

.700 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

ELECTRIC 


DAY 

TYPE 

1 

2 

3 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.‘ooo 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

PROCESS 


DAY 

1 

TYPE 

2 

3 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 


PROFILE  ADJUSTMENT  START  AND  STOP  TIME,  NUMBER  OF  DAY  TYPES  TO  ADJUST  AND  LIMIT  OF  RANDOM  VARIATION 
HEATING  COOLING  ELECTRIC  PROCESS 


START  HOUR 

0 

0 

END  HOUR 

24 

24 

NO  DAY  TYPES 

2 

2 

ADJUST  LIMIT 

.30 

.30 

0 

0 

0 

.00 


0 

0 

0 

.00 


HOURS  OF  AUXILIARY  FUEL  IN  EACH  MONTH 

ooooooooooo 
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CENTRAL  PLANT  5676  BASELINE 


PC-CUBE  VERSION  2.0.3 


SYSTEM  Cl  NORMAL  HEATING  AND  COOLING 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 


TOTAL  GAS  CONSUMP.,  1000  CU  FT  4780. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  51. 


ELECTRICAL  CONSUMPTION,  KWH 
PEAK  KW  DEMAND  (15  MIN  BASIS) 
PURCHASED  ELECTRIC  PCWER 
ON-PEAK  CONSUMPTION  KWH 
ON-PEAK  KW  DEMAND  (15  MIN  BASIS) 
MID-PEAK  CONSUMPTION  KWH 
MID-PEAK  KW  DEMAND  (15  MIN  BASIS) 
OFF-PEAK  CONSUMPTION  KWH 
OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 
GENERATED  ELECTRICAL  POWER  KWH 
SOLD  ELECTRICAL  POWER  KWH 


200468. 

165. 

200468. 

165. 

0. 

0. 

0. 

0. 

0. 

0. 


AUXILIARY  FUEL  CONSUMPTION 


DIR.  PROC.  GAS  CONSUMP.,  1000  CF 
CHILLER  OPERATING  HOURS 
CHILLER  1 

BOILER  OPERATING  HOURS 
BOILER  1 
BOILER  2 


0. 


3672 

3391 

363 


RECOVERABLE  HEAT  USED,  MBTU 
RECOVERABLE  HEAT  UNUSED,  MBTU 


**  TOTAL 


J.2.10 


MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  COOLING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
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SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

2380000. 

3641 

104 

JUL 

2380000. 

4385 

110 

AUG 

2380000. 

5129 

111 

SEP 

2380000. 

5873 

104 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  HEATING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

J.2.11 


MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  ELECTRICAL  LOAD  EXCEEDED  IQUIPMI2fT  CAPACITY 
SYSTEM  Cl 


MAXIMUM 

LOAD  AT 

HR 

COUNT 

JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

COUNT  OF 

COOLING 

LOAD 

i  HOURS 

JAN  0 

FEB  0 

MAR  0 

APR  0 

MAY  744 

JUN  720 

JUL  744 

AUG  744 

SEP  720 

OCT  0 

NOV  0 

DEC  0 


J.2.12 
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PC-CUBE  VERSION  2.0.3 
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ANNUAL  NUMBER  OF  HOURS  AT  10  PERCENT  INCREMENTS  OF  LOAD 


SYSTEM  Cl 

CHR 

NORMAL 

0-10 

HEATING  AND 
11-20 

COOLING 

21-30 

31-40 

41-50 

51-60 

61-70 

71-80 

81-90 

91-100 

TOTAL 

1 

3061 

30 

36 

57 

4 

16 

8 

6 

8 

446 

3672 

BLR 

0-10 

11-20 

21-30 

31-40 

41-50 

51-60 

61-70 

71-80 

81-90 

91-100 

TOTAL 

1 

0 

848 

1185 

587 

286 

122 

0 

0 

0 

363 

3391 

2 

0 

0 

0 

0 

0 

11 

64 

51 

229 

8 

363 

J.2.13 


CENTRAL  PLANT  5676  BASELINE 


PC -CUBE  VERSION  2.0.3 


PAGE  NO. 


GAS  GAS 

DEMAND  CONSUMP 
MCF  MCF 


******************  PURCHASED  ELECTRICAL  ***************** 


ON-PK 

ON-PK 

MID-PK 

MID-PK 

OFF-PK 

OFF-PK 

AUX 

AUX 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

FUEL 

FUEL 

KW 

THOU  KWH 

KW 

THOU  KWH 

KW 

THOU  KWH 

CONSUMP 

SRS 

Cl 

1 

51. 

1406. 

Cl 

2 

41. 

1001. 

Cl 

3 

29. 

762. 

Cl 

4 

0. 

0. 

Cl 

5 

0. 

0. 

Cl 

6 

0. 

0. 

Cl 

7 

0. 

0. 

Cl 

8 

0. 

0. 

Cl 

9 

0. 

0. 

Cl 

10 

0. 

0. 

Cl 

11 

20. 

530. 

Cl 

12 

40. 

1081. 

0.  0.  0. 

0.  0.  o. 

0.  0.  o. 

0.  0.  0. 

58.  30.  0. 

165.  42.  0. 

165.  43.  0. 

165.  43.  0. 

165.  42.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 


0.  0. 
0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 


0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 


12 


J.2.14 
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CENTRAL  PLANT  5676  BASELINE 

COOLING  COOLING  HEAT  HEAT 

DEMAND  CONSUMP  DEMAND  CON SUMP 

TONS  TON -HRS  MBH  MMBTU 


RECOVBL 

RECOVBL 

ELECT 

ELECT 

GEN 

SOLD 

HEAT 

HEAT 

DEMAND 

CONSUMP 

ELECT 

ELECT 

USED 

UNUSED 

KW 

THOU  KWH 

THOU  KWH 

THOU  KWH 

MMBTU 

MMBTU 

Cl 

1 

0. 

0. 

3279. 

787. 

Cl 

2 

0. 

0. 

3279. 

556. 

Cl 

3 

0. 

0. 

3279. 

399. 

Cl 

4 

0. 

0. 

0. 

0, 

Cl 

5 

31. 

5535. 

0. 

0, 

Cl 

6 

132. 

12104. 

0. 

0, 

Cl 

7 

132. 

14124. 

0. 

0. 

Cl 

8 

132. 

14124. 

0. 

0, 

Cl 

9 

132. 

11865. 

0. 

0, 

Cl 

10 

0. 

0. 

0. 

0 

Cl 

11 

0. 

0. 

549. 

278 

Cl 

12 

0. 

0. 

3279. 

600 

0.  0.  0.  0.  0. 

0.  0.  0.  0.  0. 

0.  0.  0.  0.  0. 

0.  0.  0.  0.  0. 

58.  30.  0.  0.  0. 

165.  42.  0.  0.  0. 

165.  43.  0.  0.  0. 

165.  43.  0.  0.  0. 

165.  42.  0.  0.  0. 

0.  0.  0.  0.  0. 

0.  0.  0.  0.  0. 

0.  0.  0.  0.  0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
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CENTRAL  PLANT  5678  BASELINE 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING 


NUMBER  OF  SYSTEMS  1 
DIFFERENT  TYPE  GENERATORS  0 
DIFFERENT  TYPE  CHILLERS  1 
DIFFERENT  TYPE  BOILERS  OR  HEATERS  2 
NATURAL  GAS  HIGHER  HEATING  VALUE  1000. 
NATURAL  GAS  LOWER  HEATING  VALUE  951. 
AUXILIARY  FUEL 

AUXILIARY  FUEL  HEATING  VALUE  1* 
KILOWATT  DEMAND  BILLING  BASIS  (MINUTES)  15 
DEMAND  FACTOR*  (TIMES  HOURLY  KILOWATT  AVERAGE)  1.00 


GENERATOR 

CHILLER 

PERCENTAGE 

DIRECT  FIRED 

STEAM 

SYSTEM 

OPERATION 

OPERATION 

PROCESS  HEAT 

PROCESS  HEAT 

AF 

PROC 

TURB 

ID 

SCHEDULE 

SCHEDULE 

DIRECT  FIRED 

EFFICIENCY 

KEY 

KEY 

KEY 

AUX  FUEL  DESCRIPTION 

Cl 

0 

1 

0. 

100. 

0 

0 

0 

1. 

CHILLER  IDENTIFICATION  NUMBERS 

Cl  1000000000 

BOILER/HEATER  IDENTIFICATION  NUMBERS 

Cl  1200000000 

*  NOTE-  DEMAND  FACTOR  =  ESTIMATED  RATIO  OF  THE  MAXIMUM  DEMAND  THAT  WILL  BE  RECORDED 
DURING  THE  BILLING  PERIOD  TO  THE  MAXIMUM  HOURLY  DEMAND  COMPUTED. 


J.2.17 
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CENTRAL  PLANT  5678  BASELINE 
OPERATION  SCHEDULE  NO  1 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  PICKS  UP  THE  REMAINDER  OF  THE  LOAD,  ETC. 

OPERATION  SCHEDULE  NO  2 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  BOTH  THE  FIRST  AND  SECOND  SHARE  THE  LOAD  EQUALLY,  ETC. 


OPERATION  SCHEDULE  NO  3 

ALL  UNITS  ARE  TURNED  ON  AND  SHARE  THE  LOAD  EQUALLY. 


OPERATION  SCHEDULE  NO  4 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
the  second  unit  is  then  started  and  the  first  unit  is  stopped,  when  the  CAPACITY  (OR  CAPACITY 
TIMES  SWITCHOVER  FACTOR)  OF  THE  SECOND  UNIT  IS  REACHED,  A  THIRD  UNIT  IS  STARTED  AND  SHARES  THE  LOAD 
EQUALLY  WITH  THE  SECOND.  IF  THE  LOAD  IS  GREATER  THAN  THE  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER 
FACTOR)  OF  BOTH  UNITS,  THE  FIRST  IS  RESTARTED  AND  CARRIES  THE  EXCESS  LOAD. 


GENERATOR  TYPES 

1  =  RECIPROCATING  ENGINE 

2  =  GAS  TURBINE 

3  =  STEAM  TURBINE 


CHILLER  TYPES 

1  =  ABSORPTION 

2  =  STEAM  TURBINE 

3  *  ENGINE 

4  *  ELECTRIC  MOTOR 


J.2.18 
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CENTRAL  PLANT  5678  BASELINE 

Cl 

GENERATOR  SYSTEM  TYPE  0 

DAYTYPE  1  2 

GENERATOR  START  TIME  0  0 

GENERATOR  STOP  TIME  0  0 


3 

0 

0 


12  3 


ELECTRIC  COST  PER  KWH 
ELECTRIC  DEMAND  COST  PER  KW 
MINIMUM  DEMAND  FRACTION 


.01370 

1.78700 

1.00000 


.29200 

.00000 

RATES 

0 

0 

.00000 


GAS  COST  PER  CUBIC  FOOT 
GAS  COST  ADJUSTMENT  PER  CUBIC  FOOT 
WINTER  GAS  RATE  MULTIPLIER  FOR  SUMMER 
STARTING  MONTH  FOR  SUMMER  GAS  RATE 
ENDING  MONTH  FOR  SUMMER  GAS  RATE 
AUXILIARY  FUEL  COST  PER  UNIT 


12  3  12  3 


00000 
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CENTRAL  PLANT  5678  BASELINE 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 
LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

22. 

20 

31. 

30 

42. 

40 

53. 

50 

65. 

60 

77. 

70 

88. 

80 

101. 

90 

116. 

100 

130. 

1 

4  **  ELECTRIC  MOTOR 

.00 

2188000. 

0. 

25. 

0. 

.21 

RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


** 


AUXILIARY  FUEL  IN 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


AF  RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


PC -CUBE  VERSION  2.0.3 
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CENTRAL  PLANT  5678  BASELINE 


BOILER/HEATER  IDENT.  NO.  1 
MAXIMUM  OUTPUT,  BTU/HR  1500000. 
ELECTRIC  ACCESSORIES,  KW  0. 
STEAM  ACCESSORIES,  BTU/HR  0. 


LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

445880. 

20 

559480 

30 

840640 

40 

1124640 

50 

1405800 

60 

1689800 

70 

1976640 

80 

2263480 

90 

2550320 

100 

2840000 

BOILER/HEATER  IDENT.  NO.  2 
MAXIMUM  OUTPUT,  BTU/HR  1630000. 
ELECTRIC  ACCESSORIES,  KW  0. 
STEAM  ACCESSORIES,  BTU/HR  0. 


load  energy  in 

(BTU/HR  OR  KW) 


10 

485640, 

20 

587880 

30 

877560 

40 

1164400 

50 

1448400 

60 

1732400 

70 

2013560 

80 

2289040 

90 

2567360 

100 

2840000 

J.2.21 
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CENTRAL  PLANT  5678  BASELINE 


MONTH  DAY  TYPE 

12  3 


NUMBER  OF  EACH  DAY  TYPE  PER  MONTH 


JAN  23 

FEB  20 

MAR  21 

APR  0 

MAY  23 

JUN  20 

JUL  23 

AUG  22 

SEP  22 

OCT  0 

NOV  21 

DEC  22 


8  0 

8  0 

10  0 

0  30 

8  0 

10  0 

8  0 

9  0 

8  0 

0  31 

9  0 

9  0 


HEATING 


INPUT  ENERGY  LOADS  FOR  SYNTHETIC  LOADS  GENERATOR 

COOLING  ELECTRIC  PROCESS 


PEAK 

LOAD 

PEAK 

LOAD 

THOUSAND 

MILLION 

THOUSAND 

MILLION 

MONTH 

BTU/HR 

BTU 

BTU/HR 

BTU 

JAN 

3908.0 

899.0 

.0 

.0 

FEB 

3908.0 

637.0 

.0 

.0 

MAR 

3908.0 

456.0 

.0 

.0 

APR 

.0 

.0 

.0 

.0 

MAY 

.0 

.0 

425.0 

76.0 

JUN 

.0 

.0 

2056.0 

162.0 

JUL 

.0 

.0 

2056.0 

193.0 

AUG 

.0 

.0 

2056.0 

194.0 

SEP 

.0 

.0 

2056.0 

131.0 

OCT 

.0 

.0 

.0 

.0 

NOV 

633.0 

321.0 

.0 

.0 

DEC 

3908.0 

687.0 

.0 

.0 

TOTAL 

3000.0 

756.0 

DEMAND 

KILOWATT 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


LOAD 

THOUSAND 

KWH 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


PEAK 

THOUSAND 

BTU/HR 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


.0 


LOAD 

MILLION 

ITU 


.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


.0 


J.2.22 
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CENTRAL  PLANT  5678  BASELINE 


HOUR 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 


INPUT  LOAD  PROFILES 

HEATING  COOLING  ELECTRIC 


DAY  TYPE 

1  2 

3 

DAY  TYPE 

1  2 

3 

DAY 

1 

TYPE 

2 

3 

DAY 

1 

TYPE 

2 

3 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

1.000 

1.000 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.  700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.  500 

.500 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.500 

.500 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.500 

.500 

.000 

1.000 

1.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.500 

.500 

.000 

1.000 

1.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.500 

.500 

.000 

1.000 

1.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.500 

.700 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.700 

.700 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

1.000 

1.000 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

1.000 

1.000 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

•  000 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

PROFILE  ADJUSTMENT 
HEATING 


START  AND  STOP  TIME,  NUMBER  OF  DAY  TYPES  TO  ADJUST 
COOLING  ELECTRIC 


AND  LIMIT  OF  RANDOM  VARIATION 
PROCESS 


START  HOUR  0  0 

END  HOUR  24  24 

NO  DAY  TYPES  2  2 

ADJUST  LIMIT  .30  .30 


0 

0 

0 

.00 


0 

0 

0 

.00 


HOURS  OF  AUXILIARY  FUEL  IN  EACH  MONTH 

ooooooooooo 
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CENTRAL  PLANT  5678  BASELINE 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP. ,  1000  CU  FT  5639. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  61. 

ELECTRICAL  CONSUMPTION,  KWH  190992. 

PEAK  KW  DEMAND  {15  MIN  BASIS)  146. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  190992. 


ON-PEAK  KW  DEMAND  (15  MIN  BASIS) 
MID -PEAK  CONSUMPTION  KWH 
MID-PEAK  KW  DEMAND  (15  MIN  BASIS) 
OFF-PEAK  CONSUMPTION  KWH 
OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 
GENERATED  ELECTRICAL  POWER  KWH 
SOLD  ELECTRICAL  POWER  KWH 

AUXILIARY  FUEL  CONSUMPTION 


DIR.  PROC.  GAS  CONSUMP.,  1000  CF 
CHILLER  OPERATING  HOURS 
CHILLER  1 

BOILER  OPERATING  HOURS 
BOILER  1 
BOILER  2 


0. 

3672 

3508 

473 


RECOVERABLE  HEAT  USED,  MBTU 
RECOVERABLE  HEAT  UNUSED,  MBTU 


**  TOTAL  ** 


J.2.24 


MONTHLY  MAXI MUMS  AND  COUNT  OF  HOURS  THAT  COOLING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

MONTHLY  MAXI MUMS  AND  COUNT  OF  HOURS  THAT  HEATING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


JAN 

4686000. 

45 

93 

FEB 

4686000. 

765 

84 

MAR 

4686000. 

1461 

93 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

4686000. 

8061 

93 

PAGE  NO.  9 


J.2.25 


MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  ELECTRICAL  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 


MAXIMUM 

LOAD  AT 

HR  i 

COUNT 

JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

COUNT  OF 

COOLING 

LOAD 

HOURS 

JAN  0 

FEB  0 

MAR  0 

APR  0 

MAY  744 

JUN  720 

JUL  744 

AUG  744 

SEP  720 

OCT  0 

NOV  0 

DEC  0 


J.2.26 


PC-CUBE  VERSION 

CENTRAL  PLANT  5678  BASELINE 

ANNUAL  NUMBER  OF  HOURS  AT  10  PERCENT  INCREMENTS  OF  LOAD 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING 


CHR 

0-10 

11-20 

21-30 

31-40 

41-50 

1 

2877 

93 

0 

0 

0 

BLR 

0-10 

11-20 

21-30 

31-40 

41-50 

1 

0 

511 

573 

920 

442 

2 

14 

30 

11 

13 

25 

PAGE  NO.  11 

2.0.3 


51-60 

61-70 

71-80 

81-90 

91-100 

TOTAL 

0 

0 

0 

111 

255 

3672 

51-60 

61-70 

71-80 

81-90 

91-100 

TOTAL 

290 

184 

59 

19 

510 

3508 

3 

14 

0 

0 

363 

473 

PC -CUBE  VERSION  2.0.3 
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CENTRAL  PLANT  5678  BASELINE 


****************** 

PURCHASED 

ELECTRICAL 

***************** 

GAS 

GAS 

ON-PK 

ON-PK 

MID-PK 

MID-PK 

OFF-PK 

OFF-PK 

AUX 

AUX 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

FUEL 

FUEL 

MCF 

MCF 

KW 

THOU  KWH 

KW 

THOU  KWH 

KW 

THOU  KWH 

CONSUMP 

HRS 

Cl 

1 

61. 

1677. 

Cl 

2 

49. 

1187. 

Cl 

3 

32. 

896. 

Cl 

4 

0. 

0. 

Cl 

5 

0. 

0. 

Cl 

6 

0. 

0. 

Cl 

7 

0. 

0. 

Cl 

8 

0. 

0. 

Cl 

9 

0. 

0. 

Cl 

10 

0. 

0. 

Cl 

11 

23. 

598. 

Cl 

12 

47. 

1281. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

51.  32.  0. 

146.  39.  0. 

146.  40.  0. 

146.  40.  0. 

146.  39.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  o. 


0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 


0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  o.  o. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 


J.2.28 


CENTRAL  PLANT  5678  BASELINE 


PC-CUBB  VERSION  2.0.3 


dOOLING 

COOLING 

DEMAND 

CONSUMP 

TONS 

TON -HRS 

Cl 

1 

0. 

0. 

Cl 

2 

0. 

0. 

Cl 

3 

0. 

0. 

Cl 

4 

0. 

0. 

Cl 

5 

35. 

6374. 

Cl 

6 

171. 

15429. 

Cl 

7 

171. 

16410. 

Cl 

8 

171. 

16459. 

Cl 

9 

171. 

15419. 

Cl 

10 

0. 

0. 

Cl 

11 

0. 

0. 

Cl 

12 

0. 

0. 

heat  heat  elect 

DEMAND  CONSUMP  DEMAND 

MBH  MMBTU  KW 

3908.  903.  0. 

3908.  642.  0. 

3908.  460.  0. 

0.  0.  0. 

0.  0.  51. 

0.  0.  146. 

0.  0.  146. 

0.  0.  146. 

0.  0.  146. 

0.  0.  0. 

633.  320.  0. 

3908.  693.  0. 


ELECT  GEN  SOLD 

CONSUMP  ELECT  ELECT 

?HOU  KWH  THOU  KWH  THOU  KWH 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

32.  0.  0. 

39.  0.  0. 

40.  0.  0. 

40.  0.  0. 

39.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 


RECOVBL  RfeCOVBL 

HEAT  HEAT 

USED  UNUSED 

MMBTU  MMBTU 


0.  0. 
0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 
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APPENDIX  J.3 
PC-CUBE  ECO  RUN 


HEATING  AND  COOLING  LOADS  FOR  CENTRAL  PLANT  5678 

__ _ _ _ 25-Sep-W 


PEAK  HEATING  (THOUSAND  BTU) 


BLDG 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

5676 

3,279 

3,279 

3,279 

0 

0 

0 

0 

0 

0 

0 

549 

3,279 

5678 

3,908 

3^908  ! 

3,908 

0 

0 

0 

0 

0 

0 

0 

633 

3,908 

Subtotal 

7,187  ! 

7,187  | 

7,187  1 

0 

0 

0 

o  1 

0 

0 

0 

1,182 

7,187 

;  Disp.  Loss  . 

i  io% ! 

719 

- : - ) 

719  ! 

719 

0 

0 

0 

0 

0 

0 

0 

118 

719 

TOTAL 

7,906 

7,906 

7,906  1 

0 

0 

0 

1  0 

0 

0 

0 

1,300 

7,906 

HEATING  CONSUMPTION  (MBTU) 

I 

- 1 

!  BLDG 

Jan  ; 

FEB  j 

MAR 

APR  j 

MAY 

!  JUN 

1  JUL 

i  AUG 

SEP 

OCT 

NOV 

DEC 

5676 

780 

553  j 

395 

0  ! 

0 

1 _ 0. 

0 

1 _ 9l 

0 

0 

279 

596 

5678 

899 

|  637  1 

456 

1  0 

1  o !  o 

j _ °J _ 9_ 

0 

0 

321 

687 

Subtotal 

r~  1 ,679 

1,190 

851 

0 

0 

j  0 

!  0 

1  0 

0 

0 

600 

1,283 

Disp.  Loss 
10% 

168 

119 

85 

0 

0 

o 

| 

j _ o 

i 

i  0 

0 

0 

60 

128 

TOTAL 

1,847 

1,309 

936 

0 

0 

1  0  1  0  |  0 

0 

0 

660 

1,411 

PEAK  COOUNG  (THOUSAND  BTU) 

BLDG 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

5676 

0 

0 

0 

0 

369 

1,582 

1,582 

1,582 

1,582 

0 

0 

0 

5678 

0 

01 

0 

0 

425 

2,056 

2,056 

2,056 

2,056 

6 

0 

0 

Subtotal 

0 

0 

0 

0 

794 

3,638 

3,638 

3,638 

3,638 

0 

0 

0 

Disp.  Loss 
10% 

0 

0 

0 

0 

79 

364 

364 

364 

364 

0 

0 

0 

TOTAL 

0 

o 

0 

0 

873 

4,002 

4,002 

4,002 

4,002 

0 

0 

0 

-  COOLING  CONSUMPTION  (MBTU) 

BLDG 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

5676 

0 

0 

0 

0 

66 

141 

168 

168 

114 

0 

6 

0 

5678 

0 

0 

0 

0 

76 

162 

193 

194 

131 

0 

0 

0 

Subtotal 

0 

0 

0 

0 

142 

303 

361 

362 

245 

0 

0 

0 

Disp.  Loss 
10% 

0 

0 

0 

0 

14 

30 

36 

36 

25 

0  ! 

o 

0 

TOTAL 

0 

0 

0 

0 

156 

333 

397 

398 

270 

0 

0 

0 

&  note:  fcr  c&ht rau  HeATinc  plAnjt  pRcq’gc'r^  No  coou^G 
LOADS  AK£  Mor  applicable  . 
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PC/MS  DOS  VERSION  2.0.3  OF  PC- CUBE 
CENTRAL  PLANT  AND  UTILITY  REQUIREMENTS  FOR  BUILDING  ENERGY  SYSTEMS 
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PC -CUBE  VERSION 


2.0.3 


CENTRAL  HEATING  PLANT  5678  FOR  BLDG.  5676  AND  5678 


SYSTEM  Cl  NEW  BOILER  AND  CHILLER  FOR  NORMAL  HEATING  AND  COOLING  LO 


NUMBER  OF  SYSTEMS 

DIFFERENT  TYPE  GENERATORS 

DIFFERENT  TYPE  CHILLERS 

DIFFERENT  TYPE  BOILERS  OR  HEATERS 

NATURAL  GAS  HIGHER  HEATING  VALUE 

NATURAL  GAS  LOWER  HEATING  VALUE 

AUXILIARY  FUEL 

AUXILIARY  FUEL  HEATING  VALUE 

KILOWATT  DEMAND  BILLING  BASIS  (MINUTES) 

DEMAND  FACTOR*  (TIMES  HOURLY  KILOWATT  AVERAGE) 


1 

0 

0 

2 

1000. 

951. 

1. 

15 

1.00 


SYSTEM 

ID 

generator 

OPERATION 

SCHEDULE 

CHILLER 

OPERATION 

SCHEDULE 

PERCENTAGE 
PROCESS  HEAT 
DIRECT  FIRED 

DIRECT  FIRED 
PROCESS  HEAT 
EFFICIENCY 

AF 

KEY 

PROC 

KEY 

STEAM 

TURB 

KEY 

AUX  FUEL  DESCRIPTION 

Cl 

0 

1 

0. 

100. 

0 

0 

0 

1. 

BOILER/ HEATER  IDENTIFICATION 

NUMBERS 

Cl  1 

2  2  2 

12  2 

2  0  0 

Tvra  /"U"»Trri  ttt'i 

*  NOTE-  DEMAND  FACTOR  «  ESTIMATED  RATIO  OF  THE  MAXIMUM  DEMAND  THAT  WILL  BE  RECORDED 
DURING  THE  BILLING  PERIOD  TO  THE  MAXI>™  HOURLY  DEMAND  COMPUTED. 


J.3.4 


PAGE  NO 


2 


CENTRAL  HEATING  PLANT 


GENERATOR  SYSTEM  TYPE 
DAYTYPE 

GENERATOR  START  TIME 
GENERATOR  STOP  TIME 


5678  FOR  BLDG. 
Cl 
0 

12  3 

0  0  0 
0  0  0 


PC-CUBE  VERSION  2.0.3 
5676  AND  5678 

1  2  3  1  2  3  1 


2 


3 


ELECTRIC  COST  PER  KWH 
ELECTRIC  DEMAND  COST  PER  KW 
MINIMUM  DEMAND  FRACTION 


.01370 

1.78700 

1.00000 


GAS  COST  PER  CUBIC  FOOT  .29200 

GAS  COST  ADJUSTMENT  PER  CUBIC  FOOT  .00000 

WINTER  GAS  RATE  MULTIPLIER  FOR  SUMMER  RATES  .00000 

STARTING  MONTH  FOR  SUMMER  GAS  RATE  0 
ENDING  MONTH  FOR  SUMMER  GAS  RATE  0 

AUXILIARY  FUEL  COST  PER  UNIT  .00000 
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PC -CUBE  VERSION  2.0.3 

CENTRAL  HEATING  PLANT  5678  FOR  BLDG.  5676  AND  5678 


BOILER/HEATER  IDENT.  NO. 

maximum  OUTPUT,  BTU/HR 

ELECTRIC 

ACCESSORIES,  KW 

STEAM  ACCESSORIES,  BTU/HR 

LOAD 

ENERGY  IN 

(BTU/HR  ( 

10 

228000. 

20 

343200. 

30 

442800. 

40 

541200. 

50 

644400. 

60 

750000. 

70 

861600. 

80 

974400. 

90 

1087200. 

100 

1200000. 

BOILER/HEATER  IDENT.  NO. 

MAXIMUM 

OUTPUT,  BTU/HR 

ELECTRIC  ACCESSORIES,  KW 

STEAM  ACCESSORIES,  BTU/HR 

LOAD 

ENERGY  I* 

(BTU/HR 

10 

228000. 

20 

343200. 

30 

442800. 

40 

541200. 

50 

644400. 

60 

750000. 

70 

861600. 

80 

974400. 

90 

1086000. 

100 

1200000. 

1020000. 

0. 

0. 


1020000. 

0. 

0. 
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PC-CUBE 

CENTRAL  HEATING  PLANT  5678  FOR  BLDG.  5676  AND  5678 

NUMBER  OF  EACH  DAY  TYPE  PER  MONTH 

MONTH  DAY  TYPE 

12  3 


JAN  23 
FEB  20 

MAR  21 

APR  0 

MAY  23 

JUN  20 

JUL  23 

AUG  22 

SEP  22 

OCT  0 

NOV  21 

DEC  22 


8  0 

8  0 

10  0 

0  30 

8  0 

10  0 

8  0 

9  0 

8  0 

0  31 

9  0 

9  0 


HEATING 


INPUT  ENERGY  LOADS  FOR  SYNTHETIC  LOADS  GENERATOR 
COOLING  ELECTRIC 


PROCESS 


MONTH 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

I?OTAL 


PEAK 

THOUSAND 

BTU/HR 

7906.0 

7906.0 

7906.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

1300.0 

7906.0 


LOAD 

MILLION 

BTU 

1847.0 

1309.0 

936.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

660.0 

1411.0 

6163.0 


PEAK 

THOUSAND 

BTU/HR 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


LOAD 

MILLION 

BTU 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


DEMAND 


LOAD  PEAK 

THOUSAND  THOUSAND 
KILOWATT  KWH  BTU/HR 


.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


LOAD 

MILLION 

BTU 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


PC-CUBE 


PAGE  NO 


5 


CENTRAL  HEATING  PLANT  5678  FOR  BLDG.  5676  AND  5678 


heating 

HOUR  DAY  TYPE 


1 

2 

3 

1 

.700 

.700 

.000 

2 

.700 

.700 

.000 

3 

.700 

.700 

.000 

4 

.700 

.700 

.000 

5 

.700 

.700 

.000 

6 

1.000 

1.000 

.000 

7 

.700 

.700 

.000 

8 

.700 

.700 

.000 

9 

.700 

.700 

.000 

10 

.700 

.700 

.000 

11 

.700 

.700 

.000 

12 

.700 

.700 

.000 

13 

.500 

.500 

.000 

14 

.500 

.500 

.000 

15 

.500 

.500 

.000 

16 

.500 

.500 

.000 

17 

.500 

.500 

.000 

18 

.500 

.700 

.000 

19 

.700 

.700 

.000 

20 

1.000 

1.000 

.000 

21 

1.000 

1.000 

.000 

22 

.700 

.700 

.000 

23 

.700 

.700 

.000 

24 

.700 

.700 

.000 

INPUT  LOAD  PROFILES 


COOLING 
DAY  TYPE 


1 

2 

3 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.700 

.700 

.000 

.700 

.700 

.000 

1.000 

1.000 

.000 

1.000 

1.000 

.000 

1.000 

1.000 

.000 

.700 

.700 

.000 

.700 

.700 

.000 

.700 

.700 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

.300 

.300 

.000 

ELECTRIC 
DAY  TYPE 


000 

.000 

000 

.000 

000 

.000 

,000 

.000 

,000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

3 


.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 


PROCESS 
DAY  TYPE 
12  3 


.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

PROFILE  ADJUSTMENT  START  AND  STOP  TIME,  NUMBER  OF 

heating  cooling 


DAY  TYPES  TO  ADJUST  AND  LIMIT  OF  RANDOM  VARIATION 
ELECTRIC  PROCESS 


START  HOUR  0 

END  HOUR  24 

NO  DAY  TYPES  2 
ADJUST  LIMIT  .30 


0 

0 

0 

.00 


0 

0 

0 

.00 


HOURS  OF  AUXILIARY  FUEL  IN  EACH  MONTH 

0  0  0  0  0  0  0  0  0  0  0 


0 
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PC -CUBE  VERSION  2.0.3 

CENTRAL  HEATING  PLANT  5678  FOR  BLDG.  5676  AND  5678 

SYSTEM  Cl  NEW  BOILER  AND  CHILLER  FOR  NORMAL  HEATING  AND  COOLING  LO 
FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 


TOTAL  GAS  CONSUMP . ,  1000  CU  FT 
PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT 

ELECTRICAL  CONSUMPTION,  KWH 
PEAK  KW  DEMAND  (15  MIN  BASIS) 
PURCHASED  ELECTRIC  POWER 
ON-PEAK  CONSUMPTION  KWH 
ON-PEAK  KW  DEMAND  (15  MIN  BASIS) 
MID -PEAK  CONSUMPTION  KWH 
MID-PEAK  KW  DEMAND  (15  MIN  BASIS) 
OFF-PEAK  CONSUMPTION  KWH 
OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 
GENERATED  ELECTRICAL  POWER  KWH 
SOLD  ELECTRICAL  POWER  KWH 

AUXILIARY  FUEL  CONSUMPTION 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF 
BOILER  OPERATING  HOURS 
BOILER  1 
BOILER  2 
BOILER  3 
BOILER  4 
BOILER  5 
BOILER  6 
BOILER  7 
BOILER  8 

RECOVERABLE  HEAT  USED,  MBTU 
RECOVERABLE  HEAT  UNUSED,  MBTU 


7464. 

82. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


3624 

2062 

516 

363 

363 

363 

363 

279 

0. 

0. 


**  TOTAL  ** 


J.3.9 


MONTHLY  MAXI  MUMS  AND  COUNT  OF  HOURS  THAT  COOLING  LOAD  EXCEED  ID  EQUIPMENT  CAPACITY 


SYSTEM  Cl 


MAXIMUM 

LOAD 

AT  HR 

COUNT 

JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  HEATING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

PAGE  NO. 
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MONTHLY  MAXI MUMS  AND  COUNT  OF  HOURS 


THAT  ELECTRICAL  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 


PAGE  NO. 
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SYSTEM  Cl 


MAXIMUM  LOAD  AT  HR  COUNT 


JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

COUNT  OF 

COOLING 

LOAD 

HOURS 

JAN  0 

FEB  0 

MAR  0 

APR  0 

MAY  0 

JUN  0 

JUL  0 

AUG  0 

SEP  0 

OCT  0 

NOV  0 

DEC  0 
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PC -CUBE  VERSION  2.0.3 

CENTRAL  HEATING  PLANT  5678  FOR  BLDG.  5676  AND  5678 
ANNUAL  NUMBER  OF  HOURS  AT  10  PERCENT  INCREMENTS  OF  LOAD 


SYSTEM  Cl  NEW  BOILER  AND  CHILLER  FOR 


CHR 

0-10 

11-20 

21-30 

1 

0 

0 

0 

2 

0 

0 

0 

BLR 

0-10 

11-20 

21-30 

1 

0 

0 

127 

2 

326 

311 

259 

3 

107 

46 

0 

4 

0 

0 

0 

5 

0 

0 

0 

6 

0 

0 

0 

7 

0 

0 

0 

8 

0 

0 

24 

HEATING  AND  COOLING  LO 


31-40 

41-50 

51-60 

61-70 

0 

0 

0 

0 

0 

0 

0 

0 

31-40 

41-50 

51-60 

61-70 

319 

190 

55 

63 

173 

91 

79 

88 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

12 

0 

24 

18 

21 

71-80 

81-90 

91-100 

TOTAL 

0 

0 

0 

0 

0 

0 

0 

0 

71-80 

81-90 

91-100 

TOTAL 

224 

227 

2419 

3624 

112 

47 

576 

2062 

0 

0 

363 

516 

0 

0 

363 

363 

0 

0 

363 

363 

0 

0 

363 

363 

9 

39 

303 

363 

192 

0 

0 

279 
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CENTRAL 


HEATING  PLANT 


5678  FOR  BLDG. 


PC -CUBE  VERSION  2.0.3 
5676  AND  5678 


GAS  GAS 

DEMAND  CONSUMP 
MCF  MCF 


****************** 
ON-PK  ON-PK 

DEMAND  CONSUMP 

KW  THOU  KWH 


PURCHASED  ELECTRICAL 
MID-PK  MID-PK 
DEMAND  CONSUMP 

KW  THOU  KWH 


***************** 
OFF-PK  OFF-PK 
DEMAND  CONSUMP 

KW  THOU  KWH 


AUX 

FUEL 

CONSUMP 


Cl 

1 

82. 

2213. 

0. 

Cl 

2 

66. 

1589. 

0. 

Cl 

3 

42. 

1160. 

0. 

Cl 

4 

0. 

0. 

0. 

Cl 

5 

0. 

0. 

0. 

Cl 

6 

0. 

0. 

0. 

Cl 

7 

0. 

0. 

0. 

Cl 

8 

0. 

0. 

0. 

Cl 

9 

0. 

0. 

0. 

Cl 

10 

0. 

0. 

0. 

Cl 

11 

31. 

790. 

0. 

Cl 

12 

63. 

1711. 

0. 

0.  0. 

0.  o. 

0.  0. 

0.  0. 

o.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  o. 

0.  0. 

0.  0. 


0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 


0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  o. 

0.  0. 

0.  o. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 


AUX 

FUEL 

HRS 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
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CENTRAL  HEATING  PLANT  5678  FOR  BLDG. 

COOLING  COOLING  HEAT 

DEMAND  CONSUMP  DEMAND 

TONS  TON -HRS  MBH 


PC-CUBE  VERSION  2.0.3 
5676  AND  5678 

HEAT  ELECT  ELECT  GEN 

CONSUMP  DEMAND  CONSUMP  ELECT 

MMBTU  KW  THOU  KWH  THOU  KWH 


SOLD 
ELECT 
THOU  KWH 


R1COVBL 

HEAT 

USED 

MMBTU 


RECOVBL 

heat 

UNUSED 


MMBTU 


Cl  1  o. 

Cl  2  0. 

Cl  3  0. 

Cl  4  0. 

Cl  5  0. 

Cl  6  0. 

Cl  7  0. 

Cl  0  0. 

Cl  9  0. 

Cl  10  0. 

Cl  11  o. 

Cl  12  0. 


0.  7906.  1854. 

0.  7906.  1318. 

0.  7906.  945. 

0.  0*  0- 

0.  0-  0. 

0.  o.  o. 

0.  0.  o. 

0.  o.  o. 

0.  o.  0. 

0.  0.  o. 

o.  1300.  657. 

0.  7906.  1422. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
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APPENDIX  K 


PROJECT  3  -  REPLACE  BOILERS  1  AND  2  IN  CENTRAL  PLANTS  2812  AND  5900 


APPENDIX  K.1  -  PROJECT  ANALYSIS 
APPENDIX  K.2  -  PC-CUBE  BASERUN 
APPENDIX  K.3  -  PC-CUBE  ECO  RUN 


APPENDIX  K.1 


PROJECT  ANALYSIS 


ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  281 2  AND  5900 

ENERGY  CONSERVATION  OPPORTUNITY:  PROJECT  3 

SYSTEM  MODIFICATION:  REPLACE  BOILER  1  AND  2  IN  CENTRAL  PLANT  2812  AND  5900 
SYSTEMS  TO  MODIFY:  BOILER  1  AND  2 


CALCULATION  DESCRIPTION: 

Two  PC -CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
project  3,  replace  existing  boilers  with  higher  efficiency  boilers. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN  _ 

E 

lectric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Energy(kWh) 

Baseline 

1,882 

5,538,208 

105,073 

123,975 

ECO 

1,868 

5,416,208 

75,913 

94,399 

Savinas  (Baseline -ECO) 

14 

122.000 

29.160 

29.576 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


416  MMBtu/Yr 
29160  MMBtu/Yr 


X 

X 


ENERGY  COST  SAVINGS: 

Electricity: 

Nat.  Gas: 

Total  Energy  Cost  Savings:  $1,671  +  $85,147 

NON-ENERGY  SAVINGS  (+),  COST  (-): 

Demand:  14  kW/month 


$4.0141  /MMBtu  = 
$2.92  /MMBtu  = 


$1 .787  /kW  X 


$1,671  per  year 
$85,147  per  year 
$86,819  per  year 

12  months/year 


Maintenance: 

Total: 


(+) 

(-) 


$300  per  year 
$3,400  per  year 


$300 


$3,400 


($3,100)  per  year 


IECO-SHT2.WK31 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY :  PROJECT3 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.062 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAREGION  NOS.  6  CENSUS:  3 
PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  REPLACE  BOILER  1&2  IN  5900&2812 
ANALYSIS  DATE:  04-07-92  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 


1.  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  SALVAGE  VALUE  COST 

E.  TOTAL  INVESTMENT  (1A  +  IB  +  1C  -  ID) 


$  467813. 

$  25730. 

$  28069. 

-$  0. 

$  521612. 


2. 


ENERGY  SAVINGS  (+)  /  COST  (-) 
ANALYSIS  DATE  ANNUAL  SAVINGS, 


UNIT  COST  &  DISCOUNTED  SAVINGS 


FUEL 


UNIT  COST 
$/MBTU ( 1 ) 


SAVINGS 

MBTU/YR(2) 


ANNUAL  $ 
SAVINGS ( 3 ) 


DISCOUNT 
FACTOR ( 4 ) 


DISCOUNTED 
SAVINGS ( 5 ) 


ELECT 

$ 

4.01 

416. 

$ 

1670 

DIST 

$ 

.00 

0. 

$ 

0 

RESID 

$ 

.00 

0. 

$ 

0 

NAT  G 

$ 

2.92 

29160. 

$ 

85147 

COAL 

$ 

.00 

0. 

$ 

0 

15.61 

26066 

21.66 

0 

26.51 

0 

23.77 

2023949 

16.06 

0 

F .  TOTAL 


29576.  $  86817. 


$  2050015. 


3.  NON  ENERGY  SAVINGS (+)  /  COST(-) 

A.  ANNUAL  RECURRING  (+/-) 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/COST  (3A  X  3A1) 


14.53 


$ 

$ 


-3100. 

-45043. 


C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+) /COST(- ) (3A2+3Bd4) $ 


-45043. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST  £-£cric 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  676505. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  *  (2F5+3D1)/1F) _ 

C  IF  3D1B  IS  -  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 


4. 


5. 


6. 


7. 


FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ ( YRS  ECONOMIC  LIFE))$ 

TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $ 

DISCOUNTED  SAVINGS  RATIO  (SIR)*(5  /IF)*  3.84 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  6.23 


83717. 

2004972. 
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TOTAL  THIS  SHEET 


HIHSQ0E10SS00 


SYMBOLS  LEGEND 


ALARM  CONTACT  SIGNAL 
FLOW  INDICATION 
PRESSURE  INDICATION 
METER 

ON-OFF  STATUS  SIGNAL 
DIFFERENTIAL  PRESSURE  SWITCH 
START-UP  INTERFACE 
TEMPERATURE  INDICATION 
FLUE  GAS  ANALYSIS,  OXYGEN 
KILOWATT  METER 


K.1.5 


REMOVE  EXISTING 
HW  BOILERS 


REPLACE  < 
HW  PUMPS 


NEW  BOILER 
TYP.  OF  8  i 


REPLACE  BOILERS  AND  PUMPS 
BUILDING  2812 


-  RETURN 

-  SUPPLY 

H  EXISTING-TO-NEW 


K.1.6 


■■  NEW 

-  EXISTING 

REPLACE  BOILERS  1  &  2 

CENTRAL  ENERGY  PLANT  5900  5J  EXISTING-TO-NEW 


K.1.7 


P-K  Thermific  Gas-Fired  Boiler 

r  I 

i,"  ' 


A  New  Standard  of  Efficiency 
in  Non-Condensing  Boilers 


PATTERSON-KELLEY  CO. 

Division  of  HARSCO  Corporation  Phone:717-421-7500  r_  ■  ■ 

East  Stroudsburg.  PA  18301  Fax:  717-421-8735  S3  fSSSS 


Water  heaters  •  warm-air  heaters  •  boilers  •  heat  exchangers  *  htenders  •  drvers  *  fractionation  internals  •  protective  lininas  •  wear-resistant  steels 


P  K  Thermific  G^is-Firf?d  Poifor 


Capacities  and  Dimensions 


Capacities  and  Dimensions  Dimensions  In  Inches 


Model 

No. 

BTU 

INPUT 

BTU 

OUTPUT 

A 

B 

C 

D 

■ 

H 

H 

J 

K 

L 

M 

MPT 

E3 

P 

FPT 

Q 

N-700 

700,000 

595,000 

im 

21 

56% 

14 

5% 

EH 

31% 

233/4 

17% 

24 

2 

2 

i% 

10 

N-900 

900,000 

mmm 

im 

21 

56% 

14 

5% 

eh 

EH 

31% 

233/4 

17% 

24 

2 

2 

i% 

10 

B9 

N-1200 

1,200,000  | 

19% 

21 

66% 

14 

5% 

EH 

EH 

41% 

22% 

24 

2 

2 

Bi 

10 

WEM 

N-1500 

1,500,000 

1,275,000 

25% 

26Vi 

67 

15 

5% 

12% 

EH 

E3B 

El 

EH 

29 

2% 

2% 

2 

12 

MM 

N-1700 

1,700,000 

1,445,000 

25% 

28% 

67 

15 

5% 

ESI 

8% 

47% 

29 

2% 

2% 

2 

12 

N-1900 

1,900,000  i 

1,615,000 

25% 

26% 

67 

15 

5% 

E9 

8% 

29 

19% 

29 

2% 

2% 

2 

12 

%  | 

A.G.A.  Design-Certified  for  natural  gas.  ASME  Certified  for  160  PSIG,  Section  IV.  National  Board  Registered. 


•  Pressure-temperature  gauge 

•  Water  flow  switch 

•  ASME  pressure  relief  valve 

•  two  diaphragm  main  gas  valves 

•  Main  gas  pressure  regulator 
(14"  W.C.  max.  inlet) 

•  Low  gas  pressure  switch  (manual 
reset) 

•  Main  gas  plug  cock 

•  Solenoid  pilot  gas  valve 


Standard  Features 

•  Pilot  gas  filter 

•  Pilot  gas  pressure  regulator 

•  Pilot  gas  cock 

•  Interrupted  spark-ignited  pilot 

•  Flame  safe-guard  programmer 

•  Hi-limit  temperature  control 
with  manual  reset 

•  Operating  temperature  control 

•  Differential  air  pressure  switch 

•  Radial-fired  power  burner 

•  Interlocked,  finned,  copper 
water  tubes 


Adjustable  inlet  air  shutter 
Blower  assembly  with  “C”  frame 
motor 

Ten-point  diagnostic  annunciator 
control  panel 

16-gauge  (min.)  steel  outer  cabinet 
1  16-gauge  aluminum  inner  cabinet 
1  Baked  epoxy  finish 
1  Adjustable  levelers 


A.G.A.  Design-Certified 


C.G.A.  Approved 


srx  ASME  Code,  Section  IV 


K.l. 11 


3  aaZ,  ooo  ,  j,  qj_  c.  PunyTt  St 


E  M  C  ENGINEERS,  INC. 


JOB 
SHEET  NO. 


Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


CALCULATED  BY  . 

CHECKED  BY  _ 

SCALE  _ 


DATE  . 


B  O  >  LDiM  Z  il 


e> 

o 


MEuO  2W'Ll£0  LuAT£d  Pu^P 


342-  'T£>>4  S  i  (r) 

Ho°  ^rr,  6 dT  to  4£*p 
4-  ’  o  PPi4 

b  P-T  ,  J'~-  L'-, 


\)£»J  v/atBB_  Put4p 

\ozfo  t,p^  ,  as°p  td  ^s°-p 

S"£"  Ft,  -HD, 


K. 1. 12 


"3  00  2,000 

EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


SHEET  NO.  _ 

CALCULATED  BY 

CHECKED  BY  _ 

SCALE  _ 


ilLU 

2L_ 


B  0  IL  tw  Hfo  Z  &'  2  0 
H  vo  P‘0  ^  P 

‘O.  1  j  t/  \ 

.44  uO  FEET 
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J 


Choose  pumps  to  analyze  further 
Dutv  Valve  < — ■*  Select  S 


< — 1  Select  Triple  Duty  Valve 

< — 1  Return  to  Select  pumps 
Pump  Selection!  Series  1531 

Performance  Rank:  1  cost  rank: 


Select  suction  Diffuser 


Pump  Size: 

Total  Capacity: 
Efficiency: 
Discharge  size: 
Suction  size: 
Impeller  Diameter: 
End-of -curve  BHP: 
Pump  power,  BHP: 
Motor  power,  HP: 


5BC 

1026.0  GPM 
82.12% 
5.000" 
6.000" 
8.875" 
17.768 
17.350 
20.000 


Pump  speed:  1750  RPM 
Total  Head:  55.0' 

NPSH  req:  13.09' 

Velocity:  16.45  FPS 

Velocity:  11.39  FPS 

(at  design:  79.7%) 

(  12.930  Kw) 

( B11P/HP  =  0.87) 


Motor: 

20.000  HP 


SE  AC  MOTOR  230/460V  256-26  A  367369 
1763  RPM  4  poles  60.000  HZ  3  phase 


Voltage:  230/460 
AMP:  46.24/  23.12 


RPM: 

P.F. 


1770.2 

79.39% 


Eff : 
KVA: 


88.47% 

18.421 


Annual  Operating  Cost  per  pump  =  $  12810.45 

for  8760  hours  annually  at  $0.10  /  kwh _ _ 

Any  Floor-Mounted  Pump  Selection  67.0  gpm 


144.0  ft. 


Rank  Selections  by  Efficiency  or  Cost  (E/C)?  E 


Rank 

Series 

Size 

Eff.  (%) 

Dia.  (in.) 

RPM 

Mtr  HP 

NOL  BHP 

1 

1531 

1-1/4AC 

56.6 

5.875 

3500 

5.000 

6.198 

2 

1510 

1-1/4AC 

56.6 

5.875 

3500 

5.000 

6.198 

3 

1531 

1-1/2AB 

52.8 

5.875 

3500 

5.000 

8.073 

4 

1510 

1-1/2AB 

52.8 

5.875 

3500 

5.000 

8*073 

5 

3531 

1X1. 5X6 

52.3 

6.000 

3500 

5.000 

6.835 

6 

3510 

1X1. 5X6 

52.3 

6.000 

3500 

5.000 

6.835 

7 

3531 

1.25X1.5X6 

52.3 

6,000 

3500 

5.000 

7*953 

8 

3510 

1.25X1.5X6 

52.3 

6.000 

3500 

5.000 

7.953 

9 

1531 

2  AC 

45.0 

6.125 

3500 

7.500 

10.227 

10 

1510 

2AC 

45.0 

6.125 

3500 

7.500 

10.227 

<- 

<- 


View  a  pump  in  more  detail 

Choose  pumps  to  analyze  further 

Dutv  Valve  < — Select  Suction  Diffuser 


< — J  Select  Triple  Duty  Valve 

< — I  Return  to  Select  Pumps 
pump  Selection:  Series  1531 

performance  Rank:  1 


Pump  Size: 

Total  capacity: 
Efficiency: 
Discharge  size: 
Suction  size: 
Impeller  Diameter: 
End-of-curve  BHP: 
Pump  power ,  BHP : 
Motor  power,  HP: 


Cost  rank: 

3 

1-1/ 4 AC 

pump  speed: 

3500  RPM 

67.0  GPM 

Total  Head: 

144.0' 

56.61% 

NPSH  req: 

8.54' 

1.250" 

Velocity: 

14.37  FPS 

1.500" 

5.875" 

Velocity: 

10.56  FPS 

6.198 

(at  design: 

53.3%) 

4.303 

(  3.209  Kw) 

5.000 

( BHP/HP  = 

0.86) 

Motor: 

5.000  HP 


SE  AC  MOTOR  230/460V  182T-31  A  354519 
3504  RPM  2  poles  60.000  HZ  3  phase 


K.l. 14 


95.0  ft. 


Any  Floor-Mounted  Pump  Selection  410.0  gpm 

Ran*  Selections  by  Efficiency  or  Cost  (E/C)?  E 


Hank 

Series 

Size 

Eff.  (%) 

1 

1531 

3E 

76.9 

2 

1510 

3E 

76.9 

3 

1531 

4E 

75.5 

4 

1510 

4E 

75.5 

5 

1510 

4G 

72.6 

6 

1510 

3G 

72.0 

7 

VSCS 

5X6X12L 

68.7 

8 

vsc 

5X5X12L 

68,2 

9 

VSCS 

6X8X12  L 

67.4 

10 

vsc 

6X6X1214 

67.2 

Dia.  (in.)  RPM  Mtr  HP  NOL  BHP 


10.500 

1750 

15.000 

15.965 

10.500 

1750 

15.000 

15.965 

10,250 

1750 

15.000 

17.354 

10.250 

1750 

15.000 

17.354 

10.250 

1750 

15.000 

16.380 

11.000 

1750 

15.000 

15.827 

9,625 

1750 

15 . 000 

21.786 

9.750 

1750 

15.000 

22.560 

9.750 

1750 

15.000 

25.037 

9.750 

1750 

15.000 

23.450 

< - 1  view  a  pump  in  more  detail 

< — J  Choose  pumps  to  analyze  further 
< — i  select  Triple  Duty  Valve  < — -1  select  Suction  Diffuser 

< — — *  Return  to  Select  Pumps 
Pump  Selection:  Series  1531 

Performance  Rank:  1  Cost  rank:  1 


Pump  Size: 

Total  Capacity: 
Efficiency: 
Discharge  size: 
Suction  size: 
Impeller  Diameter: 
End-of-curve  BHP: 
Pump  power,  BHP: 
Motor  power,  HP: 


3E  Pump  speed: 
410.0  GPM  Total  Head: 


76,86% 

3 . 000" 
4 . 000" 
10.500" 
15.965 
12 . 794 
.15 . 000 


NPSH  req: 
Velocity: 
Velocity: 


1750  RPM 
95.0' 
7.89' 
17.79  FPS 
10.33  FPS 


(at  design:  67.6%) 
(  9.541  Kw) 

(BHP/HP  =  0.85) 


Motor:  SE  AC  MOTOR  230/460V  A254-29  A  357416 

15.000  HP  1752  RPM  4  poles  60.000  HZ  3  phase 


Voltage:  230/460  RPM:  1762.3  Ef£:  89.96% 

AMP:  32.79/  16.40  P.F.:  81.19%  KVA:  13.063 


Annual  Operating  Cost  per  pump  =  $  9290.60 

for  8760  hours  annually  at  SO. 10  /  kwh _ 

Any  Floor-Mounted  Pump  Selection  1026.0  gpm 

Rank  Selections  by  Efficiency  or  Cost  (E/C)?  E 


Rank 

Series 

Size 

Eff.  (%) 

Dia.  (in.) 

RPM  * 

Mtr  HP 

NOL  BHP 

1 

1531 

SBC 

82.1 

8.875 

1750 

20.000 

17.768 

2 

1510 

SBC 

82.1 

8.875 

1750 

20.000 

17.768 

3 

VS  OS 

6X8X9-3/4L 

80.8 

8.625 

1750 

20,000 

19.400 

4 

vsc 

6X6X9-3/4L 

77.9 

8.875 

1750 

20.000 

19.526 

5 

vsc 

6X8X9-3/4HI: 

77.0 

8.000 

1750 

20.000 

23.047 

6 

VSCS 

6X8X9-3/4HL 

77.0 

8.000 

1750 

20.000 

23.047 

7 

1531 

5E 

76.8 

9.125 

1750 

20.000 

19.505 

8 

1510 

5E 

76.8 

9.12  5 

1750 

20.000 

19.505 

9 

VSCS 

6X8X12L 

70.1 

9.250 

1750 

25.000 

20.977 

10 

VSC 

6X6X12L 

69.9 

9.375 

1750 

25.000 

20.509 

< — 1  view  a  pump  in  more  detail 
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B4S  Dutch  Vallay  Rd.N.E.  •  Atlanta,  Georgia  30324 
Araa  Coda  404  Telsphone  673-1861 

FAX  MESSAGE 


TO; 


_ C A RL  LUMDSTROM _ 


DEPT: 


COMPANY : _ E.M.C.  ENGINEERS.  IFC. 

PROMs _ _ _ CHARLIE  WHEEI.ER _ 


FAX  #; 
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LA*) 

..C.HARL.I.E. .  ..WH  F.  ELER _ 
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APPENDIX  K.2 


PC-CUBE  BASERUN 


K.2.1 


CENTRAL  PLANT  2812 


PC -CUBE  VERSION  2.0.3 


PAGE  NO. 
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CENTRAL  PLANT  2812  BASELINE- 1 


SYSTEM  Cl  HEATING,  COOLING,  DOMESTIC  EW,  AND  DIST.  LOSS 


NUMBER  OF  SYSTEMS 
DIFFERENT  TYPE  GENERATORS 
DIFFERENT  TYPE  CHILLERS 
DIFFERENT  TYPE  BOILERS  OR  HEATERS 
NATURAL  GAS  HIGHER  HEATING  VALUE 
NATURAL  GAS  LOWER  HEATING  VALUE 
AUXILIARY  FUEL 

AUXILIARY  FUEL  HEATING  VALUE 
KILOWATT  DEMAND  BILLING  BASIS  (MINUTES) 

DEMAND  FACTOR*  (TIMES  HOURLY  KILOWATT  AVERAGE) 


1 

0 

1 

2 

1000. 

951. 

1. 

15 

1.00 


STEAM 
tURB 

KEY  AUX  FUEL  DESCRIPTION 
0  1 

CHILLER  IDENTIFICATION  NUMBERS 

Cl  1000000000 

BOILER/HEATER  IDENTIFICATION  NUMBERS 

Cl  1200000000 

*  NOTE-  DEMAND  FACTOR  =  ESTIMATED  RATIO  OF  THE  MAXIMUM  DEMAND  THAT  WILL  BE  RECORDED 
DURING  THE  BILLING  PERIOD  TO  THE  MAXIMUM  HOURLY  DEMAND  COMPUTED . 


GENERATOR  CHILLER  PERCENTAGE  DIRECT  FIRED 

SYSTEM  OPERATION  OPERATION  PROCESS  HEAT  PROCESS  HEAT 
ID  SCHEDULE  SCHEDULE  DIRECT  FIRED  EFFICIENCY 


AF 

KEY 


PROC 

KEY 


PC -CUBE  VERSION  2.0.3 


PAGE  NO 


2 


CENTRAL  PLANT  2812  BASELINE- 1 
OPERATION  SCHEDULE  NO  1 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  PICKS  UP  THE  REMAINDER  OF  THE  LOAD,  ETC. 

OPERATION  SCHEDULE  NO  2 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  BOTH  THE  FIRST  AND  SECOND  SHARE  THE  LOAD  EQUALLY,  ETC. 


OPERATION  SCHEDULE  NO  3 

ALL  UNITS  ARE  TURNED  ON  AND  SHARE  THE  LOAD  EQUALLY. 


OPERATION  SCHEDULE  NO  4 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  THE  FIRST  UNIT  IS  STOPPED.  WHEN  THE  CAPACITY  (OR  CAPACITY 
TIMES  SWITCHOVER  FACTOR)  OF  THE  SECOND  UNIT  IS  REACHED,  A  THIRD  UNIT  IS  STARTED  AND  SHARES  THE  LOAD 
EQUALLY  WITH  THE  SECOND.  IF  THE  LOAD  IS  GREATER  THAN  THE  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER 
FACTOR)  OF  BOTH  UNITS,  THE  FIRST  IS  RESTARTED  AND  CARRIES  THE  EXCESS  LOAD. 


GENERATOR  TYPES 

1  «  RECIPROCATING  ENGINE 

2  =  GAS  TURBINE 

3  =  STEAM  TURBINE 


CHILLER  TYPES 

1  =  ABSORPTION 

2  =  STEAM  TURBINE 

3  =  ENGINE 

4  =  ELECTRIC  MOTOR 


K.2.4 
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CENTRAL  PLANT  2812  BASELINE-1 


Cl 

GENERATOR  SYSTEM  TYPE  0 
DAYTYPE  1  2 
GENERATOR  START  TIME  0  0 
GENERATOR  STOP  TIME  0  0 


3 

0 

0 


2  3 


ELECTRIC  COST  PER  KWH 
ELECTRIC  DEMAND  COST  PER  KW 
MINIMUM  DEMAND  FRACTION 


.01370 

1.78700 

1.00000 


GAS  COST  PER  CUBIC  FOOT  .29200 

GAS  COST  ADJUSTMENT  PER  CUBIC  FOOT  .00000 

WINTER  GAS  RATE  MULTIPLIER  FOR  SUMMER  RATES 
STARTING  MONTH  FOR  SUMMER  GAS  RATE  0 
ENDING  MONTH  FOR  SUMMER  GAS  RATE  0 

AUXILIARY  FUEL  COST  PER  UNIT  .00000 


12  3  12  3 


00000 


K.2.5 
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CENTRAL  PLANT  2812  BASELINE- 1 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 
LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


1 

4  **  ELECTRIC  MOTOR 
.00 
4107000. 

0. 

44. 

0. 

.27 

RECOVERABLE  HEAT 
(BTU/HR) 


** 


AUXILIARY  FUEL  IN 
(BTU/HR) 


AF  RECOVERABLE  HEAT 
(BTU/HR) 


10 

44. 

0. 

0 

20 

61. 

0. 

0 

30 

78. 

0. 

0 

40 

97. 

0. 

0 

50 

116. 

0. 

0 

60 

139. 

0. 

0 

70 

166. 

0. 

0 

80 

227. 

0. 

0 

90 

235. 

0. 

0 

100 

277. 

0. 

0 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


K.2.6 


CENTRAL  PLANT  2812  BASELINE-1 


PC -CUBE  VERSION  2.0.3 


PAGE  NO.  5 


BOILER/HEATER  IDENT.  NO.  1 
MAXIMUM  OUTPUT,  BTU/HR  2770000. 
ELECTRIC  ACCESSORIES,  KW  15. 
STEAM  ACCESSORIES,  BTU/HR  0. 


LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

824980 

20 

1067040 

30 

1580800 

40 

2089620 

50 

2588560 

60 

3077620 

70 

3556800 

80 

4026100 

90 

4485520 

100 

4940000 

BOILER/HEATER  IDENT. 

NO. 

2 

MAXIMUM  OUTPUT,  BTU/HR  2860000. 

ELECTRIC  ACCESSORIES  ( 

,  KW 

0. 

STEAM  ACCESSORIES,  BTU/HR 

0. 

LOAD 

ENERGY  IN 

(BTU/HR  OR  KW) 

10 

854620. 

20 

1096680. 

30 

1625260. 

40 

2134080. 

50 

2633020. 

60 

3117140. 

70 

3591380. 

80 

4050800. 

90 

4500340. 

100 

4940000. 

K.2.7 
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CENTRAL  PLANT  2812  BASELINE-1 

NUMBER  OF  EACH  DAY  TYPE  PER  MONTH 


MONTH 

DAY  TYPE 

1  2 

3 

JAN 

23 

8 

0 

FEB 

22 

6 

0 

MAR 

23 

8 

0 

APR 

0 

0 

30 

MAY 

23 

8 

0 

JUN 

20 

10 

0 

JUL 

23 

8 

0 

AUG 

22 

9 

0 

SEP 

22 

8 

0 

OCT 

0 

0 

31 

NOV 

21 

9 

0 

DEC 

22 

9 

0 

HEATING 

INPUT  ENERGY  LOADS  FOR  SYNTHETIC  LOADS  GENERATOR 
COOLING  ELECTRIC 

PROCESS 

PEAK 

LOAD 

PEAK 

LOAD 

DEMAND 

LOAD 

PEAK 

LOAD 

THOUSAND 

MILLION 

THOUSAND 

MILLION 

THOUSAND 

THOUSAND 

MILLION 

MONTH 

BTU/HR 

BTU 

BTU/HR 

BTU 

KILOWATT 

KWH 

BTU/HR 

BTU 

JAN 

7867.0 

2049.0 

.0 

.0 

.0 

.0 

.0 

.0 

FEB 

7867.0 

1558.0 

.0 

.0 

.0 

.0 

.0 

.0 

MAR 

7867.0 

1304.0 

.0 

.0 

.0 

.0 

.0 

.0 

APR 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

MAY 

.0 

.0 

846.0 

129.0 

.0 

.0 

.0 

.0 

JUN 

.0 

.0 

4106.0 

272.0 

.0 

.0 

.0 

.0 

JUL 

.0 

.0 

4106.0 

327.0 

.0 

.0 

.0 

.0 

AUG 

.0 

.0 

4106.0 

326.0 

.0 

.0 

.0 

.0 

SEP 

.0 

.0 

4106.0 

218.0 

.0 

.0 

.0 

.0 

OCT 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

NOV 

3870.0 

1090.0 

.0 

.0 

.0 

.0 

.0 

.0 

DEC 

7867.0 

1719.0 

.0 

.0 

.0 

.0 

.0 

.0 

TOTAL 

7720.0 

1272.0 

.0 

.0 

K.  2 . 8 
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CENTRAL  PLANT  2812  BASELINE-1 


INPUT  LOAD  PROFILES 


HEATING 

HOUR  DAY  TYPE 

12  3 


COOLING 
DAY  TYPE 
12  3 


ELECTRIC 
DAY  TYPE 
12  3 


PROCESS 
DAY  TYPE 
12  3 


1 

.700 

.700 

.000 

.300 

2 

.700 

.700 

.000 

.300 

3 

.700 

.700 

.000 

.300 

4 

.700 

.700 

.000 

.300 

5 

.700 

.700 

.000 

.300 

6 

.700 

.700 

.000 

.300 

7 

.700 

.700 

.000 

.300 

8 

.700 

.700 

.000 

.300 

9 

.700 

.700 

.000 

.300 

10 

.700 

.700 

.000 

.300 

11 

.700 

.700 

.000 

.300 

12 

.700 

.700 

.000 

.300 

13 

.500 

.500 

.000 

.700 

14 

.500 

.500 

.000 

.700 

15 

.500 

.500 

.000 

.700 

16 

.500 

.500 

.000 

.700 

17 

.500 

.500 

.000 

.700 

18 

.500 

.700 

.000 

.700 

19 

.700 

.700 

.000 

.700 

20 

.700 

.700 

.000 

.700 

21 

.700 

.700 

.000 

.300 

22 

.700 

.700 

.000 

.300 

23 

.700 

.700 

.000 

.300 

24 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.300 

.000 

.000 

.000 

.000 

.300 

.000 

.000 

.000 

.000 

.300 

.000 

.000 

.000 

.000 

.300 

.000 

.000 

.000 

.000 

.300 

.000 

.000 

.000 

.000 

.300 

.000 

.000 

.000 

.000 

.300 

.000 

.000 

.000 

.000 

.300 

.000 

.000 

.000 

.000 

.300 

.000 

.000 

.000 

.000 

.300 

.000 

.000 

.000 

.000 

.300 

.000 

.000 

.000 

.000 

.700 

.000 

.000 

.000 

.000 

.700 

.000 

.000 

.000 

.000 

.700 

.000 

.000 

.000 

.000 

.700 

.000 

.000 

.000 

.000 

.700 

.000 

.000 

.000 

.000 

.700 

.000 

.000 

.000 

.000 

.700 

.000 

.000 

.000 

.000 

.700 

.000 

.000 

.000 

.000 

.300 

.000 

.000 

.000 

.000 

.300 

.000 

.000 

.000 

.000 

.300 

.000 

.000 

.000 

.000 

.300 

.000 

.000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

ooo 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

000 

.000 

.000 

ooo 

.000 

.000 

000 

.000 

.000 

ooo 

.000 

.000 

ooo 

.000 

.000 

PROFILE  ADJUSTMENT  START  AND  STOP  TIKE,  NUMBER  OF  DAY  TYPES  TO  ADJUST 
HEATING  COOLING  ELECTRIC 


AND  LIMIT  OF  RANDOM  VARIATION 
PROCESS 


START  HOUR 

0 

0 

END  HOUR 

24 

24 

NO  DAY  TYPES 

2 

2 

ADJUST  LIMIT 

.30 

.30 

HOURS  OF  AUXILIARY  FUEL  IN  EACH  MONTH 

ooooooooooo 


K.2.9 
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CENTRAL  PLANT  2812  BASELINE- 1 

SYSTEM  Cl  HEATING,  COOLING,  DOMESTIC  HW,  AND  DIST.  LOSS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP. ,  1000  CU  FT  14107. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  136. 

ELECTRICAL  CONSUMPTION,  KWH  347034. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  93. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  347034. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  93. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  456 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


**  TOTAL  ** 


K.2.10 


MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  COOLING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
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JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 

0.  0  0 

0.0  0 

0.0  0 

0.0  0 

0.0  0 

0.  0  0 

0.0  0 

0.  0  0 

o.oo 
0.0  0 

o.oo 
o.oo 

MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 

0.0  0 

0.0  0 

0.0  0 

0.  0  0 

0.0  0 

0.0  0 

0.0  0 

0.0  0 

o.oo 
0.  0  o 

0.0  0 

0.0  0 


THAT  HEATING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 


K.2.11 


MONTHLY  MAXI MUMS  AND  COUNT  OF  HOURS  THAT 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

COUNT 

’  OF 

COOLING 

LOAD 

HOURS 

JAN 

0 

FEB 

0 

MAR 

0 

APR 

0 

MAY 

744 

JUN 

720 

JUL 

744 

AUG 

744 

SEP 

720 

OCT 

0 

NOV 

0 

DEC 

0 

ELECTRICAL  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
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CENTRAL  PLANT  2812  BASELINE-1 

ANNUAL  NUMBER  OF  HOURS  AT  10  PERCENT  INCREMENTS  OF  LOAD 


SYSTEM  Cl 

HEATING, 

COOLING, 

DOMESTIC 

HW,  AND  DIST. 

,  LOSS 

CHR 

0-10 

11-20 

21-30 

31-40 

41-50 

1 

2696 

976 

0 

0 

0 

BLR 

0-10 

11-20 

21-30 

31-40 

41-50 

1 

0 

0 

0 

51 

211 

2 

219 

237 

0 

0 

0 

51-60 

61-70 

o 

00 

rH 

81-90 

91-100 

TOTAL 

0 

0 

0 

0 

0 

3672 

51-60 

61-70 

71-80 

81-90 

91-100 

TOTAL 

568 

672 

586 

471 

1065 

3624 

0 

0 

0 

0 

0 

456 
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CENTRAL  PLANT  2812  BASELINE- 1 


******************  purchased  electrical  ***************** 


GAS 

GAS 

ON-PK 

ON-PK 

MID-PK 

MID-PK 

OFF-PK 

OFF-PK 

AUX 

AUX 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

FUEL 

FUEL 

MCF 

MCF 

KW 

THOU  KWH 

KW 

THOU  KWH 

KW 

THOU  KWH 

CONSUMP 

HRS 

Cl 

1 

136. 

3753. 

15. 

11. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

2 

115. 

2817. 

15. 

10. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

3 

87. 

2403. 

15. 

11. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

4 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

5 

0. 

0. 

77. 

57. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

6 

0. 

0. 

89. 

58. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

7 

0. 

0. 

93. 

61. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

8 

0. 

0. 

93. 

61. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

9 

0. 

0. 

83. 

56. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

10 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

11 

77. 

2026. 

15. 

11. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

12 

114. 

3108. 

15. 

11. 

0. 

0. 

0. 

0. 

0. 

0. 

K.2.14 
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CENTRAL  PLANT  2812  BASELINE-1 


COOLING 

COOLING 

HEAT 

HEAT 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

TONS 

TON -HRS 

MBH 

MMBTU 

RECOVBL 

RECOVBL 

ELECT 

ELECT 

GEN 

SOLD 

HEAT 

HEAT 

DEMAND 

CONSUMP 

ELECT 

ELECT 

USED 

UNUSED 

KW 

THOU  KWH 

THOU  KWH 

THOU  KWH 

MMBTU 

MMBTU 

Cl 

1 

0. 

0. 

Cl 

2 

0. 

0. 

Cl 

3 

0. 

0. 

Cl 

4 

0. 

0. 

Cl 

5 

25. 

10750. 

Cl 

6 

56. 

22667. 

Cl 

7 

64. 

27250. 

Cl 

8 

64. 

27166. 

Cl 

9 

44. 

18166. 

Cl 

10 

0. 

0. 

Cl 

11 

0. 

0. 

Cl 

12 

0. 

0. 

3314. 

2049. 

15, 

2817. 

1558. 

15 

2114. 

1304. 

15 

0. 

0. 

0 

0. 

0. 

77 

0. 

0. 

89 

0. 

0. 

93 

0. 

0. 

93 

0. 

0. 

83 

0. 

0. 

0 

1849. 

1090. 

15 

2805. 

1719. 

15 

11.  0.  0, 

10.  0.  0, 

11.  0.  0, 

0.  0.  0, 

57.  0.  0 

58.  0.  0 

61.  0.  0 

61.  0.  0 

56.  0.  0 

0.  0.  0 

11.  0.  0 

11.  0.  0 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
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CENTRAL  PLANT  2812  BASELINE- 2 


SYSTEM  Cl  SUMMER  HW  AND  DISTRIBUTION  LOSS 

NUMBER  OF  SYSTEMS 
DIFFERENT  TYPE  GENERATORS 
DIFFERENT  TYPE  CHILLERS 
DIFFERENT  TYPE  BOILERS  OR  HEATERS 
NATURAL  GAS  HIGHER  HEATING  VALUE 
NATURAL  GAS  LOWER  HEATING  VALUE 
AUXILIARY  FUEL 

AUXILIARY  FUEL  HEATING  VALUE 
KILOWATT  DEMAND  BILLING  BASIS  (MINUTES) 

DEMAND  FACTOR*  (TIMES  HOURLY  KILOWATT  AVERAGE) 


GENERATOR  CHILLER  PERCENTAGE  DIRECT  FIRED 

SYSTEM  OPERATION  OPERATION  PROCESS  HEAT  PROCESS  HEAT 
ID  SCHEDULE  SCHEDULE  DIRECT  FIRED  EFFICIENCY 

DESCRIPTION 


STEAM 

AF  PROC  TURB 

KEY  KEY  KEY 


BOILER/HEATER  IDENTIFICATION  NUMBERS 

Cl  1000000000 

*  NOTE-  DEMAND  FACTOR  =  ESTIMATED  RATIO  OF  THE  MAXIMUM  DEMAND  THAT  WILL  BE  RECORDED 
DURING  THE  BILLING  PERIOD  TO  THE  MAXIMUM  HOURLY  DEMAND  COMPUTED. 


K.2.16 


CENTRAL  PLANT  2812  BASELINE-2 

Cl 

GENERATOR  SYSTEM  TYPE  0 

DAYTYPE  1  2 

GENERATOR  START  TIME  0  0 

GENERATOR  STOP  TIME  0  0 


PAGE  NO. 
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ELECTRIC  COST  PER  KWH 
ELECTRIC  DEMAND  COST  PER  KW 
MINIMUM  DEMAND  FRACTION 


.01370 

1.78700 

1.00000 


GAS  COST  PER  CUBIC  FOOT 
GAS  COST  ADJUSTMENT  PER  CUBIC  FOOT 


.29200 

.00000 


WINTER  GAS  RATE  MULTIPLIER  FOR  SUMMER  RATES 


.00000 


STARTING  MONTH  FOR  SUMMER  GAS  RATE 
ENDING  MONTH  FOR  SUMMER  GAS  RATE 
AUXILIARY  FUEL  COST  PER  UNIT 


.00000 


K.2. 17 
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CENTRAL  PLANT  2812  BASELINE- 2 


BO I LER/ HEATER  IDENT.  NO.  1 
MAXIMUM  OUTPUT,  BTU/HR  2770000. 
ELECTRIC  ACCESSORIES,  KW  8. 
STEAM  ACCESSORIES,  BTU/HR  0. 


LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

824980. 

20 

1067040. 

30 

1580800. 

40 

2089620. 

50 

2588560. 

60 

3077620. 

70 

3556800. 

80 

4026100. 

90 

4485520. 

100 

4940000. 

K.2.18 
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CENTRAL  PLANT  2812  BASELINE-2 

NUMBER  OF  EACH  DAY  TYPE  PER  MONTH 

MONTH  DAY  TYPE 

12  3 


INPUT  ENERGY  LOADS  FOR  SYNTHETIC  LOADS  GENERATOR 
COOLING  ELECTRIC 


PEAK 

LOAD 

PEAK 

LOAD 

THOUSAND 

MILLION 

THOUSAND 

MILLION 

MONTH 

BTU/HR 

BTU 

BTU/HR 

BTU 

JAN 

.0 

.0 

.0 

.0 

FEB 

.0 

.0 

.0 

.0 

MAR 

.0 

.0 

.0 

.0 

APR 

2257.0 

539.0 

.0 

.0 

MAY 

2257.0 

557.0 

.0 

.0 

JUN 

2257.0 

539.0 

.0 

.0 

JUL 

2257.0 

557.0 

.0 

.0 

AUG 

2257.0 

557.0 

.0 

.0 

SEP 

2257.0 

539.0 

.0 

.0 

OCT 

2257.0 

557.0 

.0 

.0 

NOV 

.0 

.0 

.0 

.0 

DEC 

.0 

.0 

.0 

.0 

DEMAND  LOAD  PEAK  LOAD 

THOUSAND  THOUSAND  MILLION 

KILOWATT  KWH  BTU/HR  BTU 


K.2.19 
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PC-CUBE 

CENTRAL  PLANT  2812  BASELINE-2 

INPUT  LOAD  PROFILES 

HEATING  COOLING  ELECTRIC 


HOUR 

DAY 

1 

TYPE 

2 

3 

DAY 

1 

TYPE 

2 

3 

DAY 

1 

type 

2 

3 

DAY 

1 

TYPE 

2 

3 

1 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

2 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

3 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

4 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

5 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

6 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

7 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

8 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

g 

.  700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

10 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

11 

.  700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

12 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

13 

.  500 

.500 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

14 

.  500 

.500 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

15 

.  500 

.500 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

16 

.  500 

.500 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

17 

.  500 

.500 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

18 

.500 

.700 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.  000 

19 

.700 

.700 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.  000 

20 

.  700 

.700 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

21 

.  700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

22 

.  700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

23 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

24 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

PROFILE  ADJUSTMENT  START  AND  STOP  TIME,  NUMBER  OF  DAY  TYPES  TO  ADJUST  AND  LIMIT  OF  RANDOM  VARIATION 
HEATING  COOLING  ELECTRIC  PROCESS 

START  HOUR  0 

END  HOUR  24 

NO  DAY  TYPES  2 
ADJUST  LIMIT  .30 


HOURS  OF  AUXILIARY  FUEL  IN  EACH  MONTH 

oooooooo 


0  0 


K.2.20 
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CENTRAL  PLANT  2812  BASELINE- 2 


SYSTEM  Cl  SUMMER  HW  AND  DISTRIBUTION  LOSS 


FUEL  AND  POWER  CONSUMPTION 


SYSTEM  Cl 


TOTAL  GAS  CONSUMP.,  1000  CU  FT 
PEAK  DAY  GAS  CONSUMP . ,  1000  CU  FT 

ELECTRICAL  CONSUMPTION,  KWH 
PEAK  KW  DEMAND  (15  MIN  BASIS) 
PURCHASED  ELECTRIC  POWER 
ON -PEAK  CONSUMPTION  KWH 
ON-PEAK  KW  DEMAND  (15  MIN  BASIS) 
MID- PEAK  CONSUMPTION  KWH 
MID-PEAK  KW  DEMAND  (15  MIN  BASIS) 
OFF-PEAK  CONSUMPTION  KWH 
OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 
GENERATED  ELECTRICAL  POWER  KWH 
SOLD  ELECTRICAL  POWER  KWH 


7348. 

40. 

38520. 

8. 

38520. 

8. 

0. 

0. 

0. 

0. 

0. 

0. 


AUXILIARY  FUEL  CONSUMPTION 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF 
BOILER  OPERATING  HOURS 
BOILER  1 


0. 

0. 

5136 


RECOVERABLE  HEAT  USED,  MBTU 
RECOVERABLE  HEAT  UNUSED,  MBTU 


0. 

0. 
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**  TOTAL  ** 


K.2.21 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  COOLING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 

0.  0  0 

0.0  0 

0.0  0 

0.0  0 

0.  0  0 

0.0  0 

0.0  0 

0.0  0 

0.  0  0 

0.0  0 

0.0  0 

0.0  0 

MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  HEATING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 

0.0  0 

0.  0  0 

0.0  0 

0.0  0 

0.0  0 

0.0  0 

0.0  0 

0.0  0 

0.0  0 

0.0  0 

0.0  0 

0.  0  0 
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MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  ELECTRICAL  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 
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JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


COUNT  OF  COOLING  LOAD  HOURS 
JAN  0 

FEB  0 

MAR  0 

APR  0 

MAY  0 

JUN  0 

JUL  0 

AUG  0 

SEP  0 

OCT  0 

NOV  0 

DEC  0 


K.2.23 
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CENTRAL  PLANT  2812  BASELINE- 2 

ANNUAL  NUMBER  OF  HOURS  AT  10  PERCENT  INCREMENTS  OF  LOAD 
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SYSTEM  Cl  SUMMER  HW  AND  DISTRIBUTION  LOSS 


CHR 

TOTAL 

0-10 

11-20 

21-30 

1 

0 

0 

0 

0 

BLR 

TOTAL 

0-10 

11-20 

21-30 

1 

5136 

0 

465 

2991 

31-40  41-50  51-60  61-70 

0  0  0  0 

31-40  41-50  51-60  61-70 

1680  000 


71-80 

0 

71-80 

0 


81-90  91-100 

0  0 

81-90  91-100 

0  0 


K.2.24 


CENTRAL  PLANT  2812  BASELINE- 2 


******* 


GAS 

GAS 

ON-PK 

DEMAND 

CONSUMP 

DEMAND 

MCF 

MCF 

KW 

Cl 

1 

0. 

0. 

0. 

Cl 

2 

0. 

0. 

0. 

Cl 

3 

0. 

0. 

0. 

Cl 

4 

39. 

1030. 

8. 

Cl 

5 

39. 

1064. 

8. 

Cl 

6 

40. 

1030. 

8. 

Cl 

7 

39. 

1064. 

8. 

Cl 

8 

39. 

1064. 

8. 

Cl 

9 

39. 

1030. 

8. 

Cl 

10 

39. 

1064. 

8. 

Cl 

11 

0. 

0. 

0. 

Cl 

12 

0. 

0. 

0. 

PC-CUBE  VERSION  2.0.3 


********** 

PURCHASED 

ELECTRICAL 

****** ) 

ON-PK 

MID-PK 

MID-PK 

OFF-PK 

CONSUMP 

DEMAND 

CONSUMP 

DEMAND 

THOU  KWH 

KW 

THOU  KWH 

KW 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

5. 

0. 

0. 

0. 

6. 

0. 

0. 

0. 

5. 

0. 

0. 

0. 

6. 

0. 

0. 

0. 

6. 

0. 

0. 

0. 

5. 

0. 

0. 

0. 

6. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
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********** 

OFF-PK  AUX  AUX 

CONSUMP  FUEL  FUEL 

THOU  KWH  CONSUMP  HRS 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 


K.2.25 


CENTRAL  PLANT  2812  BASELINE-2 

COOLING  COOLING  HEAT 

DEMAND  CON SUMP  DEMAND 

TONS  TON -HRS  MBH 


PAGE  NO. 

PC -CUBE  VERSION  2.0.3 


RECOVBL  RECOVBL 


HEAT 

ELECT 

ELECT 

GEN 

SOLD 

HEAT 

HEAT 

CONSUMP 

DEMAND 

CONSUMP 

ELECT 

ELECT 

USED 

UNUSED 

MMBTU 

KW 

THOU  KWH 

THOU  KWH 

THOU  KWH 

MMBTU 

MMBTU 

Cl 

1 

0. 

0. 

0. 

0. 

Cl 

2 

0. 

0. 

0. 

0. 

Cl 

3 

0. 

0. 

0. 

0. 

Cl 

4 

0. 

0. 

908. 

539. 

Cl 

5 

0. 

0. 

901. 

557. 

Cl 

6 

0. 

0. 

922. 

539. 

Cl 

7 

0. 

0. 

901. 

557. 

Cl 

8 

0. 

0. 

908. 

557. 

Cl 

9 

0. 

0. 

908. 

539. 

Cl 

10 

0. 

0. 

901. 

557. 

Cl 

11 

0. 

0. 

0. 

0. 

Cl 

12 

0. 

0. 

0. 

0. 

0 

0 

0 

8 

8 

8 

8 

8 

8 

8 

0 

0 


0. 

0. 

0. 

5. 

6. 

5. 

6. 
6. 

5. 

6. 
0. 
0. 
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CENTRAL  PLANT  5900 


(See  Appendix  1.2  for  Central  Plant  5900  PC-CUBE  baserun) 


APPENDIX  K.3 


PC-CUBE  ECO  RUN 


CENTRAL  PLANT  2812 


K.3.2 


PAGE  NO. 


PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  2812  BOILER  REPLACEMENT  ECO 

SYSTEM  Cl  HEATING,  COOLING,  DOMESTIC  HW,  AND  DIST.  LOSS 


NUMBER  OF  SYSTEMS 
DIFFERENT  TYPE  GENERATORS 
DIFFERENT  TYPE  CHILLERS 
DIFFERENT  TYPE  BOILERS  OR  HEATERS 
NATURAL  GAS  HIGHER  HEATING  VALUE 
NATURAL  GAS  LOWER  HEATING  VALUE 
AUXILIARY  FUEL 

AUXILIARY  FUEL  HEATING  VALUE 
KILOWATT  DEMAND  BILLING  BASIS  (MINUTES) 

DEMAND  FACTOR*  (TIMES  HOURLY  KILOWATT  AVERAGE) 


GENERATOR  CHILLER  PERCENTAGE 

SYSTEM  OPERATION  OPERATION  PROCESS  HEAT 

ID  SCHEDULE  SCHEDULE  DIRECT  FIRED 


1 

0 

1 

2 

1000. 

951. 

1. 

15 

1.00 


DIRECT  FIRED 
PROCESS  HEAT 
EFFICIENCY 

100. 


AF 

KEY 


PROC 

KEY 


STEAM 

TURB 

KEY 


AUX  FUEL  DESCRIPTION 


Cl  0  1  0- 

CHILLER  IDENTIFICATION  NUMBERS 

Cl  1000000000 

BOILER/ HEATER  IDENTIFICATION  NUMBERS 

Cl  1222122200 

*  NOTE-  DEMAND  FACTOR  =  ESTIMATED  RATIO  OF  THE  MAXIMUM  DEMAND  THAT  WILL  BE  RECORDED 
DURING  THE  BILLING  PERIOD  TO  THE  MAXIMUM  HOURLY  DEMAND  COMPUTED. 


K.3.3 


PC -CUBE  VERSION  2.0.3 


PAGE  NO .  2 


CENTRAL  PLANT  2812  BOILER  REPLACEMENT  ECO 
OPERATION  SCHEDULE  NO  1 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  PICKS  UP  THE  REMAINDER  OF  THE  LOAD,  ETC. 

OPERATION  SCHEDULE  NO  2 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  BOTH  THE  FIRST  AND  SECOND  SHARE  THE  LOAD  EQUALLY,  ETC. 


OPERATION  SCHEDULE  NO  3 

ALL  UNITS  ARE  TURNED  ON  AND  SHARE  THE  LOAD  EQUALLY. 


OPERATION  SCHEDULE  NO  4 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  THE  FIRST  UNIT  IS  STOPPED.  WHEN  THE  CAPACITY  (OR  CAPACITY 
TIMES  SWITCHOVER  FACTOR)  OF  THE  SECOND  UNIT  IS  REACHED,  A  THIRD  UNIT  IS  STARTED  AND  SHARES  THE  LOAD 
EQUALLY  WITH  THE  SECOND.  IF  THE  LOAD  IS  GREATER  THAN  THE  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER 
FACTOR)  OF  BOTH  UNITS,  THE  FIRST  IS  RESTARTED  AND  CARRIES  THE  EXCESS  LOAD. 


GENERATOR  TYPES 

1  =  RECIPROCATING  ENGINE 

2  =  GAS  TURBINE 

3  =  STEAM  TURBINE 


CHILLER  TYPES 

1  =  ABSORPTION 

2  =  STEAM  TURBINE 

3  =  ENGINE 

4  -  ELECTRIC  MOTOR 


K.3.4 


pc -CUBE  VERSION  2.0.3 


CENTRAL  PLANT  2812  BOILER  REPLACEMENT  ECO 


GENERATOR  SYSTEM  TYPE 
DAYTYPE 

GENERATOR  START  TIME 
GENERATOR  STOP  TIME 


Cl 

0 

12  3  12 

0  0  0 

0  0  0 


3 


12  3  1 


2 


3 


PAGE  NO.  3 


ELECTRIC 

COST  PER  KWH 

.01370 

ELECTRIC 

DEMAND  COST  PER  KW 

1.78700 

MINIMUM  DEMAND  FRACTION 

1.00000 

GAS  COST 

PER  CUBIC  FOOT 

.29200 

GAS  COST 

ADJUSTMENT  PER  CUBIC  FOOT 

.00000 

WINTER  GAS  RATE  MULTIPLIER  FOR  SUMMER  RATES  .00000 

STARTING  MONTH  FOR  SUMMER  GAS  RATE  0 
ENDING  MONTH  FOR  SUMMER  GAS  RATE  0 

AUXILIARY  FUEL  COST  PER  UNIT  .00000 


K.3.5 


PC -CUBE  VERSION  2.0.3 


CENTRAL  PLANT  2812  BOILER  REPLACEMENT  ECO 


PAGE  NO. 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 
LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

20 

30 

40 

50 

60 

70 

80 

90 

100 


44. 

61. 

78. 

97. 

116. 

139. 

166. 

227. 

235. 

277. 


1 

4  **  ELECTRIC  MOTOR  ** 
.00 
4107000. 

0. 

44. 

0. 

.27 

RECOVERABLE  HEAT 
(BTU/HR) 


AUXILIARY  FUEL  IN 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


AF  RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
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CENTRAL  PLANT  2812  BOILER  REPLACEMENT  ECO 


PC -CUBE  VERSION  2.0.3 


BOILER/HEATER  IDENT.  NO.  1 
MAXIMUM  OUTPUT,  BTU/HR  1020000. 
ELECTRIC  ACCESSORIES,  KW  3. 
STEAM  ACCESSORIES,  BTU/HR  0. 


LOAD  ENERGY  IN 


(BTU/HR 

10 

200400. 

20 

259200. 

30 

384000. 

40 

507600. 

50 

628800. 

60 

747600. 

70 

864000. 

80 

978000. 

90 

1089600. 

100 

1200000. 

BOILER/HEATER  IDENT.  NO.  2 
MAXIMUM  OUTPUT,  BTU/HR  1020000. 
ELECTRIC  ACCESSORIES,  KW  0. 
STEAM  ACCESSORIES,  BTU/HR  0. 


LOAD  energy  in 


(BTU/HR  OR 

10 

207600. 

20 

266400. 

30 

394800. 

40 

518400. 

50 

639600. 

60 

757200. 

70 

872400. 

80 

984000. 

90 

1093200. 

100 

1200000. 

KW) 


K.3.7 
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CENTRAL  PLANT  2812  BOILER  REPLACEMENT  ECO 


MONTH  DAY  TYPE 

12  3 


NUMBER  OF  EACH  DAY  TYPE  PER  MONTH 


JAN  23 

FEB  22 

MAR  23 

APR  0 

MAY  23 

JUN  20 

JUL  23 

AUG  22 

SEP  22 

OCT  0 

NOV  21 

DEC  22 


8  0 

6  0 

8  0 

0  30 

8  0 

10  0 

8  0 

9  0 

8  0 

0  31 

9  0 

9  0 


HEATING 


INPUT  ENERGY  LOADS  FOR  SYNTHETIC  LOADS  GENERATOR 
COOLING  ELECTRIC 


PROCESS 


PEAK 

LOAD 

THOUSAND 

MILLION 

MONTH 

BTU/HR 

BTU 

JAN 

7867.0 

2049.0 

FEB 

7867.0 

1558.0 

MAR 

7867.0 

1304.0 

APR 

.0 

.0 

MAY 

.0 

.0 

JUN 

.0 

.0 

JUL 

.0 

.0 

AUG 

.0 

.0 

SEP 

.0 

.0 

OCT 

.0 

.0 

NOV 

3870.0 

1090.0 

DEC 

7867.0 

1719.0 

PEAK 

LOAD 

DEMAND 

IOUSAND 

MILLION 

BTU/HR 

BTU 

KILOWATT 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

846.0 

129.0 

.0 

4106.0 

272.0 

.0 

4106.0 

327.0 

.0 

4106.0 

326.0 

.0 

4106.0 

218.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

LOAD 

PEAK 

LOAD 

THOUSAND 

THOUSAND 

MILLION 

KWH 

BTU/HR 

BTU 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

TOTAL 


7720.0 


1272.0 


0 


0 


PC- CUBE 


PAGE  NO 
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CENTRAL  PLANT  2812  BOILER  REPLACEMENT  ECO 

INPUT  LOAD  PROFILES 

HEATING  COOLING  ELECTRIC  PROCESS 


HOUR 

DAY 

TYPE 

DAY 

TYPE 

DAY 

TYPE 

DAY 

type 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

,000 

.000 

2 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

,000 

.000 

3 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

,000 

.000 

4 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

,000 

.000 

5 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

,000 

.000 

6 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

,000 

.000 

7 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

,000 

.000 

8 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

,000 

.000 

9 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

000 

.000 

10 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

000 

.000 

11 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

000 

.000 

12 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

000 

.000 

13 

.500 

.500 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

000 

.000 

14 

.500 

.500 

.000 

.700 

,700 

.000 

.000 

.000 

.000 

.000 

000 

.000 

15 

.500 

.500 

.000 

.700 

,700 

.000 

.000 

.000 

.000 

.000 

000 

.000 

16 

.500 

.500 

.000 

.700 

,700 

.000 

.000 

,000 

.000 

.000 

000 

.000 

17 

.500 

.500 

.000 

.700 

,700 

.000 

.000 

.000 

.000 

.000 

000 

.000 

18 

.500 

.700 

.000 

.700 

,700 

.000 

.000 

.000 

.000 

.000 

000 

.000 

19 

.700 

.700 

.000 

.700 

,700 

.000 

.000 

,000 

.000 

.000 

000 

.000 

20 

.700 

.700 

.000 

.700 

,700 

.000 

.000 

.000 

.000 

.000 

000 

.000 

21 

.700 

.700 

.000 

.300 

,300 

.000 

.000 

.000 

.000 

.000 

000 

.000 

22 

.700 

,700 

.000 

.300 

,300 

.000 

.000 

.000 

.000 

.000 

000 

.000 

23 

.700 

,700 

.000 

.300 

,300 

.000 

.000 

,000 

.000 

.000 

000 

.000 

24 

.700 

,700 

.000 

.300 

,300 

.000 

.000 

,000 

.000 

.000 

000 

.000 

PROFILE  ADJUSTMENT  START  AND  STOP  TIME,  NUMBER  OF  DAY  TYPES  TO  ADJUST  AND  LIMIT  OF  RANDOM  VARIATION 
HEATING  COOLING  ELECTRIC  PROCESS 


START  HOUR 

0 

0 

0 

0 

END  HOUR 

24 

24 

0 

0 

NO  DAY  TYPES 

2 

2 

0 

0 

ADJUST  LIMIT 

.30 

.30 

.00 

.00 

HOURS  OF  AUXILIARY  FUEL  IN  EACH  MONTH 

oooooooooooo 


K.3.9 
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PC-CUBE  VERSION  2.0.3 


CENTRAL  PLANT  2812  BOILER  REPLACEMENT  ECO 


**  TOTAL  ** 


SYSTEM  Cl  HEATING,  COOLING,  DOMESTIC  HW,  AND  DIST.  LOSS 


FUEL  AND  POWER  CONSUMPTION 


SYSTEM  Cl 


TOTAL  GAS  CONSUMP. ,  1000  CU  FT  . 
PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT 


ELECTRICAL  CONSUMPTION,  KWH 
PEAK  KW  DEMAND  (15  MIN  BASIS) 
PURCHASED  ELECTRIC  POWER 
ON -PEAK  CONSUMPTION  KWH 
ON-PEAK  KW  DEMAND  (15  MIN  BASIS) 
MID-PEAK  CONSUMPTION  KWH 
MID-PEAK  KW  DEMAND  (15  MIN  BASIS) 
OFF-PEAK  CONSUMPTION  KWH 
OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 
GENERATED  ELECTRICAL  POWER  KWH 
SOLD  ELECTRICAL  POWER  KWH 


304270. 

93. 

304270. 

93. 

0. 

0. 

0. 


AUXILIARY  FUEL  CONSUMPTION 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF 

CHILLER  OPERATING  HOURS 
CHILLER  1 

BOILER  OPERATING  HOURS 
BOILER  1 
BOILER  2 
BOILER  3 
BOILER  4 
BOILER  5 
BOILER  6 
BOILER  7 
BOILER  8 


RECOVERABLE  HEAT  USED,  MBTU 
RECOVERABLE  HEAT  UNUSED,  MBTU 


K.3. 10 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


MONTHLY  MAXIMUMS  AND  COUNT  OF  SOURS  THAT  COOLING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 

0.0  0 

0.0  0 

0.  0  0 

0.  0  0 

0.0  0 

0.  0  0 

0.  0  0 

0.0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.0  0 

MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  HEATING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 

0.0  0 

0.  0  0 

0.  0  0 

0.0  0 

0.0  0 

0.  0  o 

0.  0  0 

0.0  0 

0.0  0 

0.0  0 

0.0  0 

0.0  0 


PAGE  NO.  9 


K.3.11 


MONTHLY  MAXI  MUMS  AND  COUNT  OF  HOURS  THAT  ELECTRICAL  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


PAGE  NO. 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


COUNT  OF  COOLING  LOAD  HOURS 
JAN  0 

FEB  0 

MAR  0 

APR  0 

MAY  744 

JUN  720 

JUL  744 

AUG  744 

SEP  720 

OCT  0 

NOV  0 

DEC  0 


10 
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PC-CUBE  VERSION 

CENTRAL  PLANT  2812  BOILER  REPLACEMENT  ECO 


ANNUAL 

NUMBER  OF  HOURS  AT  10 

PERCENT 

INCREMENTS  OF 

LOAD 

SYSTEM 

Cl  HEATING, 

COOLING, 

DOMESTIC 

HW,  AND  DIST. 

.  LOSS 

CHR 

0-10 

11-20 

21-30 

31-40 

41-50 

1 

2696 

976 

0 

0 

0 

BLR 

0-10 

11-20 

21-30 

31-40 

41-50 

1 

0 

0 

0 

0 

0 

2 

51 

74 

86 

87 

199 

3 

154 

238 

70 

173 

164 

4 

73 

109 

37 

0 

0 

5 

0 

0 

0 

0 

0 

6 

0 

0 

0 

0 

0 

7 

0 

0 

0 

0 

0 

8 

0 

0 

0 

0 

0 

PAGE  NO.  11 

2.0.3 


51-60 

61-70 

71-80 

81-90 

91-100 

TOTAL 

0 

0 

0 

0 

0 

3672 

51-60 

61-70 

71-80 

81-90 

91-100 

TOTAL 

0 

0 

0 

0 

3624 

3624 

249 

255 

276 

213 

2122 

3612 

310 

275 

109 

73 

274 

1848 

0 

0 

0 

0 

0 

219 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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CENTRAL  PLANT  2812  BOILER  REPLACEMENT  ECO 


******************  PURCHASED  ELECTRICAL  ***************** 


GAS 

GAS 

ON-PK 

ON-PK 

MID-PK 

MID-PK 

OFF-PK 

OFF-PK 

AUX 

AUX 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

FUEL 

FUEL 

MCF 

MCF 

KW 

THOU  KWH 

KW 

THOU  KWH 

KW 

THOU  KWH 

CONSUMP 

HRS 

Cl 

1 

89. 

2437. 

3. 

2. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

2 

76. 

1858. 

3. 

2. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

3 

57. 

1554. 

3. 

2. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

4 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

5 

0. 

0. 

77. 

57. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

6 

0. 

0. 

89. 

58. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

7 

0. 

0. 

93. 

61. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

8 

0. 

0. 

93. 

61. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

9 

0. 

0. 

83. 

56. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

10 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

11 

50. 

1309. 

3. 

2. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

12 

76. 

2050. 

3. 

2. 

0. 

0. 

0. 

0. 

0. 

0. 

K.3.14 
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CENTRAL  PLANT  2812  BOILER  REPLACEMENT  ECO 


COOLING 

DEMAND 

TONS 


COOLING 

CONSUMP 

TON-HRS 


HEAT 

DEMAND 

MBH 


CONSUMP 

MMBTU 


RECCfVBL 

RECOVBL 

ELECT 

ELECT 

GEN 

SOLD 

HEAT 

HEAT 

DEMAND 

CONSUMP 

ELECT 

ELECT 

USED 

UNUSED 

KW 

THOU  KWH 

THOU  KWH 

THOU  KWH 

MMBTU 

MMBTU 

Cl 

1 

Cl 

2 

Cl 

3 

Cl 

4 

Cl 

5 

Cl 

6 

Cl 

7 

Cl 

8 

Cl 

9 

Cl 

10 

Cl 

11 

Cl 

12 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

25.  10750. 

56.  22667. 

64.  27250. 

64.  27166. 

44.  18166. 

0.  0. 

0.  0. 

0.  0. 


3314. 

2049 

2817. 

1558 

2114. 

1304 

0. 

0 

0. 

0 

0. 

0 

0. 

0 

0. 

0 

0. 

0 

0. 

0 

1849. 

1090 

2805. 

1719 

3.  2.  0. 

3.  2.  0. 

3.  2.  0. 

0.  0.  0. 

77.  57.  0. 

89.  58.  0. 

93.  61.  0. 

93.  61.  0. 

83.  56.  0. 

0.  0.  0. 

3.  2.  0. 

3.  2.  0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


K.3.15 
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CENTRAL  PLANT  2812  BOILER  REPLACEMENT  ECO 

SYSTEM  Cl  SUMMER  HW  AND  DISTRIBUTION  LOSS 


NUMBER  OF  SYSTEMS  1 
DIFFERENT  TYPE  GENERATORS  0 
DIFFERENT  TYPE  CHILLERS  0 
DIFFERENT  TYPE  BOILERS  OR  HEATERS  2 
NATURAL  GAS  HIGHER  HEATING  VALUE  1000. 
NATURAL  GAS  LOWER  HEATING  VALUE  951. 
AUXILIARY  FUEL 

AUXILIARY  FUEL  HEATING  VALUE  1* 
KILOWATT  DEMAND  BILLING  BASIS  (MINUTES)  15 
DEMAND  FACTOR*  (TIMES  HOURLY  KILOWATT  AVERAGE)  1.00 


GENERATOR 

SYSTEM  OPERATION 

ID  SCHEDULE 

DESCRIPTION 

CHILLER 

OPERATION 

SCHEDULE 

PERCENTAGE 

PROCESS  HEAT 

DIRECT  FIRED 

DIRECT  FIRED 

PROCESS  HEAT 

EFFICIENCY 

AF  PROC 

KEY 

STEAM 

TURB 

KEY 

Cl  0 

1 

0. 

100. 

0  0 

0 

1. 


BOILER/HEATER  IDENTIFICATION  NUMBERS 


Cl  1222122200 


NOTE-  DEMAND 
DURING 


FACTOR  =  ESTIMATED  RATIO  OF  THE  MAXIMUM  DEMAND  THAT  WILL  BE  RECORDED 
THE  BILLING  PERIOD  TO  THE  MAXIMUM  HOURLY  DEMAND  COMPUTED. 


AUX  FUEL 


K.3.16 


PC -CUBE  VERSION  2.0.3 

CENTRAL  PLANT  2812  BOILER  REPLACEMENT  ECO 

Cl 

GENERATOR  SYSTEM  TYPE  0 

DAYTYPE  123  123  123  1 

GENERATOR  START  TIME  000 

GENERATOR  STOP  TIKE  000 


ELECTRIC  COST  PER  KWH  .01370 

ELECTRIC  DEMAND  COST  PER  KW  1.78700 

MINIMUM  DEMAND  FRACTION  1.00000 

GAS  COST  PER  CUBIC  FOOT  .29200 

GAS  COST  ADJUSTMENT  PER  CUBIC  FOOT  .00000 

WINTER  GAS  RATE  MULTIPLIER  FOR  SUMMER  RATES  .00000 

STARTING  MONTH  FOR  SUMMER  GAS  RATE  0 
ENDING  MONTH  FOR  SUMMER  GAS  RATE  0 

AUXILIARY  FUEL  COST  PER  UNIT  .00000 


K.3.17 


PC -CUBE  VERSION  2.0.3 
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CENTRAL  PLANT  2812  BOILER  REPLACEMENT  ECO 


BOILER/HEATER  IDENT.  NO.  1 
MAXIMUM  OUTPUT,  BTU/HR  1020000. 
ELECTRIC  ACCESSORIES,  KW  3. 
STEAM  ACCESSORIES,  BTU/HR  0. 


LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 

10 
20 
30 
40 
50 
60 
70 
80 
90 
100 


200400. 

259200. 

384000. 

507600. 

628800. 

747600. 

864000. 

978000. 

1089600. 

1200000. 


BOILER/HEATER  IDENT.  NO.  2 
MAXIMUM  OUTPUT,  BTU/HR  1020000. 
ELECTRIC  ACCESSORIES,  KW  0. 
STEAM  ACCESSORIES,  BTU/HR  0. 


ENERGY  IN 
(BTU/HR  OR  KW) 


200400. 

259200. 

384000. 

507600. 

628800. 

747600. 

864000. 

978000. 

1089600. 

1200000. 


K.3.18 
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CENTRAL  PLANT  2812  BOILER  REPLACEMENT  ECO 

NUMBER  OF  EACH  DAY  TYPE  PER  MONTH 

MONTH  DAY  TYPE 

12  3 


INPUT  ENERGY  LOADS  FOR  SYNTHETIC  LOADS  GENERATOR 
COOLING  ELECTRIC 


PEAK 

LOAD 

THOUSAND 

MILLION 

MONTH 

BTU/HR 

BTU 

JAN 

.0 

.0 

FEB 

.0 

.0 

MAR 

.0 

.0 

APR 

2257.0 

539.0 

MAY 

2257.0 

557.0 

JUN 

2257.0 

539.0 

jin, 

2257.0 

557.0 

AUG 

2257.0 

557.0 

SEP 

2257.0 

539.0 

OCT 

2257.0 

557.0 

NOV 

.0 

.0 

DEC 

.0 

.0 

PEAK 

THOUSAND 

BTU/HR 


LOAD 

MILLION 

BTU 


LOAD 

THOUSAND 

KWH 


PEAK 

THOUSAND 

BTU/HR 


LOAD 

MILLION 

ITU 


K.3. 19 


PC -CUBE 
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CENTRAL  PLANT  2812  BOILER  REPLACEMENT  ECO 

INPUT  LOAD  PROFILES 

HEATING  COOLING  ELECTRIC  PROCESS 

HOUR  DAY  TYPE  DAY  TYPE  DAY  TYPE  DAY  TYPE 


12  3  12  3 


1 

.700 

.700 

.000 

.300 

.300 

.000 

2 

.700 

.700 

.000 

.300 

.300 

.000 

3 

.700 

.700 

.000 

.300 

.300 

.000 

4 

.700 

.700 

.000 

.300 

.300 

.000 

5 

.700 

.700 

.000 

.300 

.300 

.000 

6 

.700 

.700 

.000 

.300 

.300 

.000 

7 

.700 

.700 

.000 

.300 

.300 

.000 

8 

.700 

.700 

.000 

.300 

.300 

.000 

9 

.700 

.700 

.000 

.300 

.300 

.000 

10 

.700 

.700 

.000 

.300 

.300 

.000 

11 

.700 

.700 

.000 

.300 

.300 

.000 

12 

.700 

.700 

.000 

.300 

.300 

.000 

13 

.500 

.500 

.000 

.700 

.700 

.000 

14 

.500 

.500 

.000 

.700 

.700 

.000 

15 

.500 

.500 

.000 

.700 

.700 

.000 

16 

.500 

.500 

.000 

.700 

.700 

.000 

17 

.500 

.500 

.000 

.700 

.700 

.000 

18 

.500 

.700 

.000 

.700 

.700 

.000 

19 

.700 

.700 

.000 

.700 

.700 

.000 

20 

.700 

.700 

.000 

.700 

.700 

.000 

21 

.700 

.700 

.000 

.300 

.300 

.000 

22 

.700 

.700 

.000 

.300 

.300 

.000 

23 

.700 

.700 

.000 

.300 

.300 

.000 

24 

.700 

.700 

.000 

.300 

.300 

.000 

1 


.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

PROFILE  ADJUSTMENT  START  AND  STOP  TIME,  NUMBER  OF  DAY  TYPES  TO  ADJUST  AND  LIMIT  OF  RANDOM  VARIATION 


HEATING 


COOLING 


ELECTRIC 


PROCESS 


START  HOUR  0 
END  HOUR  24 

NO  DAY  TYPES  2 
ADJUST  LIMIT  .30 


0 

0 

0 

.00 


0 

0 

0 

.00 


0 

0 

0 

.00 


HOURS  OF  AUXILIARY  FUEL  IN  EACH  MONTH 

oooooooooooo 


K.3.20 


PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  2812  BOILER  REPLACEMENT  ECO 

SYSTEM  Cl  SUMMER  HW  AND  DISTRIBUTION  LOSS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP.,  1000  CU  FT  4629. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  25. 

ELECTRICAL  CONSUMPTION,  KWH  16435. 

PEAK  KW  DEMAND  ( 15  MIN  BASIS )  3 . 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  16435. 


ON-PEAK  KW  DEMAND  (15  MIN  BASIS) 
MID- PEAK  CONSUMPTION  KWH 
MID-PEAK  KW  DEMAND  (15  MIN  BASIS) 
OFF-PEAK  CONSUMPTION  KWH 
OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 
GENERATED  ELECTRICAL  POWER  KWH 
SOLD  ELECTRICAL  POWER  KWH 

AUXILIARY  FUEL  CONSUMPTION 


DIR.  PROC.  GAS  CONSUMP.,  1000  CF 
BOILER  OPERATING  HOURS 
BOILER  1 
BOILER  2 
BOILER  3 
BOILER  4 
BOILER  5 
BOILER  6 
BOILER  7 
BOILER  8 


0. 

5136 

0 

0 

0 

0 

0 

0 

0 


RECOVERABLE  HEAT  USED,  MBTU 
RECOVERABLE  HEAT  UNUSED,  MBTU 
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K.3.21 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  COOLING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 

0.  0  0 

0.0  0 

0.  0  0 

0.0  0 

0.0  0 

0.  0  0 

0.  0  0 

o.oo 
0.  0  0 

0.  0  0 

0.0  0 

0.  0  0 

MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  HEATING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 

0.  0  0 

0.0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.0  0 

0.  0  0 
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K.3.22 


MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  ELECTRICAL  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 


PAGE  NO 


SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 

JAN 
FEB 
MAR 
APR 

MAY 
JUN 
JUL 
AUG 

SEP 

OCT 
NOV 
DEC 

COUNT  OF  COOLING  LOAD 
JAN  0 

FEB  0 

MAR  0 

APR  0 

MAY  0 

JUN  0 

JUL  0 

AUG  0 

SEP  0 

OCT  0 

NOV  0 

DEC  0 


0.0  0 

0.0  0 

0.0  0 

0.0  0 

o.oo 
0.  0  0 

0.0  0 

0.  0  0 

0.  0  o 

0.  0  0 

0.  0  0 

0.0  0 


K.3.23 
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CENTRAL  PLANT  2812  BOILER  REPLACEMENT  ECO 

ANNUAL  NUMBER  OF  HOURS  AT  10  PERCENT  INCREMENTS  OF  LOAD 


SYSTEM  Cl  SUMMER  HW  AND  DISTRIBUTION  LOSS 


CHR 

0-10 

11-20 

21-30 

31-40 

41-50 

51-60 

61-70 

71-80 

81-90 

91-100 

TOTAL 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

BLR 

0-10 

11-20 

21-30 

31-40 

41-50 

51-60 

61-70 

71-80 

81-90 

91-100 

TOTAL 

1 

0 

0 

0 

0 

203 

558 

1101 

1540 

1716 

18 

5136 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

7 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

K.3.24 
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CENTRAL  PLANT  2812  BOILER  REPLACEMENT  ECO 


****** 


GAS 

GAS 

ON-PK 

DEMAND 

CONSUMP 

DEMAND 

MCF 

MCF 

KW 

Cl 

1 

0. 

0. 

0. 

Cl 

2 

0. 

0. 

0. 

Cl 

3 

0. 

0. 

0. 

Cl 

4 

24. 

649. 

3. 

Cl 

5 

24. 

671. 

3. 

Cl 

6 

25. 

649. 

3. 

Cl 

7 

24. 

671. 

3. 

Cl 

8 

24. 

671. 

3. 

Cl 

9 

24. 

649. 

3. 

Cl 

10 

24. 

671. 

3. 

Cl 

11 

0. 

0. 

0. 

Cl 

12 

0. 

0. 

0. 

********** 

PURCHASED 

ELECTRICAL 

ON-PK 

MID-PK 

MID-PK 

CONSUMP 

DEMAND 

CONSUMP 

THOU  KWH 

KW 

THOU  KWH 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

2. 

0. 

0. 

2. 

0. 

0. 

2. 

0. 

0. 

2. 

0. 

0. 

2. 

0. 

0. 

2. 

0. 

0. 

2. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

***************** 

OFF-PK 

OFF-PK 

AUX 

AUX 

DEMAND 

CONSUMP 

FUEL 

FUEL 

KW 

THOU  KWH 

CONSUMP 

HRS 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

K.3.25 
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CENTRAL  PLANT  28 12  BOILER  REPLACEMENT  ECO 


COOLING 

COOLING 

HEAT 

HEAT 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

TONS 

TON -HRS 

MBH 

MMBTU 

Cl 

1 

0. 

0. 

0. 

0. 

Cl 

2 

0. 

0. 

0. 

0. 

Cl 

3 

0. 

0. 

0. 

0. 

Cl 

4 

0. 

0. 

908. 

539. 

Cl 

5 

0. 

0. 

901. 

557. 

Cl 

6 

0. 

0. 

922. 

539. 

Cl 

7 

0. 

0. 

901. 

557. 

Cl 

8 

0. 

0. 

908. 

557. 

Cl 

9 

0. 

0. 

908. 

539. 

Cl 

10 

0. 

0. 

901. 

557. 

Cl 

11 

0. 

0. 

0. 

0. 

Cl 

12 

0. 

0. 

0. 

0. 

RECOVBL 

RECOVBL 

ELECT 

ELECT 

GEN 

SOLD 

HEAT 

HEAT 

DEMAND 

CONSUMP 

ELECT 

ELECT 

USED 

UNUSED 

KW 

THOU  KWH 

THOU  KWH 

THOU  KWH 

MMBTU 

MMBTU 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

3. 

2. 

0. 

0. 

0. 

0. 

3. 

2. 

0. 

0. 

0. 

0. 

3. 

2. 

0. 

0. 

0. 

0. 

3. 

2. 

0. 

0. 

0. 

0. 

3. 

2. 

0. 

0. 

0. 

0. 

3. 

2. 

0. 

0. 

0. 

0. 

3. 

2. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

K.3.26 
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PC -CUBE  VERSION 

CENTRAL  PLANT  5900  BOILER  REPLACEMENT  (BOILER  1  AND  2) 


2.0.3 


SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 

NUMBER  OF  SYSTEMS  1 

DIFFERENT  TYPE  GENERATORS  0 

DIFFERENT  TYPE  CHILLERS  5 

DIFFERENT  TYPE  BOILERS  OR  HEATERS  5 

NATURAL  GAS  HIGHER  HEATING  VALUE  1000. 

NATURAL  GAS  LOWER  HEATING  VALUE  951. 

AUXILIARY  FUEL 
AUXILIARY  FUEL  HEATING  VALUE 

KILOWATT  DEMAND  BILLING  BASIS  (MINUTES)  15 

DEMAND  FACTOR*  (TIMES  HOURLY  KILOWATT  AVERAGE)  1.00 


SYSTEM 

ID 

GENERATOR 

OPERATION 

SCHEDULE 

CHILLER 

OPERATION 

SCHEDULE 

PERCENTAGE 

PROCESS  HEAT 
DIRECT  FIRED 

DIRECT  FIRED 

PROCESS  HEAT 
EFFICIENCY 

AF 

KEY 

PRDC 

KEY 

STEAM 

TURB 

KEY 

Cl 

0 

1 

0. 

100. 

0 

0 

0 

CHILLER  IDENTIFICATION  NUMBERS 

Cl  1 

2  3  4 

5  0  0 

0  0  0 

BOILER/ HEATER  IDENTIFICATION  NUMBERS 

Cl  1 

2  3  3 

4  5  0 

0  0  0 

*  NOTE-  DEMAND  FACTOR  =  ESTIMATED  RATIO  OF  THE  MAXIMUM  DEMAND  THAT  WILL  BE  RECORDED 
DURING  THE  BILLING  PERIOD  TO  THE  MAXIMUM  HOURLY  DEMAND  COMPUTED. 


AUX  FUEL  DESCRIPTION 


1. 


K.  3 . 28 
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PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  5900  BOILER  REPLACEMENT  (BOILER  1  AND  2) 

OPERATION  SCHEDULE  NO  1 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  PICKS  UP  THE  REMAINDER  OF  THE  LOAD,  ETC. 


OPERATION  SCHEDULE  NO  2 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  BOTH  THE  FIRST  AND  SECOND  SHARE  THE  LOAD  EQUALLY,  ETC. 


OPERATION  SCHEDULE  NO  3 

ALL  UNITS  ARE  TURNED  ON  AND  SHARE  THE  LOAD  EQUALLY. 


OPERATION  SCHEDULE  NO  4 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  THE  FIRST  UNIT  IS  STOPPED.  WHEN  THE  CAPACITY  (OR  CAPACITY 
TIMES  SWITCHOVER  FACTOR)  OF  THE  SECOND  UNIT  IS  REACHED,  A  THIRD  UNIT  IS  STARTED  AND  SHARES  THE  LOAD 
EQUALLY  WITH  THE  SECOND.  IF  THE  LOAD  IS  GREATER  THAN  THE  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER 
FACTOR)  OF  BOTH  UNITS,  THE  FIRST  IS  RESTARTED  AND  CARRIES  THE  EXCESS  LOAD. 


GENERATOR  TYPES 

1  =  RECIPROCATING  ENGINE 

2  =  GAS  TURBINE 

3  =  STEAM  TURBINE 


CHILLER  TYPES 

1  =  ABSORPTION 

2  =  STEAM  TURBINE 

3  »  ENGINE 

4  =  ELECTRIC  MOTOR 


K.3.29 
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PC-CUBE  VERSION  2 

CENTRAL  PLANT  5900  BOILER  REPLACEMENT  (BOILER  1  AND  2) 

Cl 

GENERATOR  SYSTEM  TYPE  0 

DAYTYPE  123  123  123 

GENERATOR  START  TIME  000 

GENERATOR  STOP  TIME  0  0  0 


12  3 


ELECTRIC  COST  PER  KWH  .01370 

ELECTRIC  DEMAND  COST  PER  KW  1.78700 

MINIMUM  DEMAND  FRACTION  1.00000 

GAS  COST  PER  CUBIC  FOOT  .29200 

GAS  COST  ADJUSTMENT  PER  CUBIC  FOOT  .00000 

WINTER  GAS  RATE  MULTIPLIER  FOR  SUMMER  RATES  .00000 

STARTING  MONTH  FOR  SUMMER  GAS  RATE  0 
ENDING  MONTH  FOR  SUMMER  GAS  RATE  0 

AUXILIARY  FUEL  COST  PER  UNIT  .00000 
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PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  5900  BOILER  REPLACEMENT  (BOILER  1  AND  2) 


CHILLER 

IDENTIFICATION  NO. 

1 

CHILLER 

TYPE 

4 

**  ELECTRIC  MOTOR 

** 

PERCENT 

OF  MAX 

OUTPUT  TO  START 

.25 

MAXIMUM 

OUTPUT, 

,  BTU/HR 

4440000. 

PILOT  FUEL  IN, 

BTU/HR 

0. 

ELECTRIC  ACCESSORIES,  KW 

76. 

STEAM  ACCESSORIES  BTU/HR 

0. 

PERCENT 

ACCESSORY  LOAD  TO  VARY 

.25 

LOAD 

ENERGY  IN 

RECOVERABLE  HEAT 

AUXILIARY  FUEL  IN 

(BTU/HR  OR  KW) 

(BTU/HR) 

(BTU/HR) 

10 

54. 

0. 

0. 

20 

75. 

0. 

0. 

30 

95. 

0. 

0. 

40 

119. 

0. 

0. 

50 

142. 

0. 

0. 

60 

170. 

0. 

0. 

70 

203. 

0. 

0. 

80 

278. 

0. 

0. 

90 

288. 

0. 

0. 

100 

339. 

0. 

0. 

CHILLER 

IDENTIFICATION  NO. 

2 

CHILLER 

TYPE 

4 

**  ELECTRIC  MOTOR 

** 

PERCENT 

OF  MAX 

OUTPUT  TO  START 

.00 

MAXIMUM 

OUTPUT, 

f  BTU/HR 

4032000. 

PILOT  FUEL  IN, 

BTU/HR 

0. 

ELECTRIC  ACCESSORIES,  KW 

76. 

STEAM  ACCESSORIES  BTU/HR 

0. 

PERCENT 

ACCESSORY  LOAD  TO  VARY 

.19 

LOAD 

ENERGY  IN 

RECOVERABLE  HEAT 

AUXILIARY  FUEL  IN 

(BTU/HR  OR  KW) 

(BTU/HR) 

(BTU/HR) 

10 

51. 

0. 

0. 

20 

70. 

0. 

0. 

30 

88. 

0. 

0. 

40 

111. 

0. 

0. 

50 

133. 

0. 

0. 

60 

158. 

0. 

0. 

70 

190. 

0. 

0. 

80 

259. 

0. 

0. 

90 

269. 

0. 

0. 

100 

316. 

0. 

0. 

AF  RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


AF  RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
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PC -CUBE  VERSION  2.0.3 

CENTRAL  PLANT  5900  BOILER  REPLACEMENT  (BOILER  1  AND  2) 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 


LOAD 

ENERGY  IN 
(BTU/HR  OR  KW) 

10 

40. 

20 

55. 

30 

70. 

40 

88. 

50 

105. 

60 

126. 

70 

151. 

80 

206. 

90 

213. 

100 

251. 

CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 
LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

59. 

20 

82. 

30 

104. 

40 

130. 

50 

156. 

60 

186. 

70 

223. 

80 

304. 

90 

315. 

100 

371. 

3 

4  **  ELECTRIC  MOTOR 

.00 

3552000. 

0. 

00. 

0. 

.18 

RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


4 

4  **  ELECTRIC  MOTOR 
.00 
4752000. 

0. 

101. 

0. 

.20 

RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


** 


AUXILIARY  FUEL  IN 
(ITU /HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


** 


AUXILIARY  FUEL  IN 
(BTU/HR) 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0. 

0. 


AF  RECOVERABLE  HEAT 
(BTU/HR) 


0. 


0. 

0. 

0. 

0. 

0. 


0. 

0. 

0. 

0. 


AF  RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
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PC-CUBE  VERSION  2.0.3 


CENTRAL  PLANT  5900  BOILER  REPLACEMENT  (BOILER  1  AND  2) 


AF  RECOVERABLE  HEAT 
(BTU/HR) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


CHILLER 

IDENTIFICATION  NO. 

5 

CHILLER 

TYPE 

4 

**  ELECTRIC  MOTOR 

** 

PERCENT 

OF  MAX 

OUTPUT  TO  START 

.00 

MAXIMUM 

OUTPUT, 

,  BTU/HR 

3504000. 

PILOT  FUEL  IN, 

BTU/HR 

0. 

ELECTRIC  ACCESSORIES,  KW 

83. 

STEAM  ACCESSORIES  BTU/HR 

0. 

PERCENT 

ACCESSORY  LOAD  TO  VARY 

.21 

LOAD 

ENERGY  IN 

RECOVERABLE  HEAT 

AUXILIARY  FUEL  IN 

(BTU/HR  OR  KW) 

(BTU/HR) 

(BTU/HR) 

10 

40. 

0. 

0. 

20 

55. 

0. 

0. 

30 

70. 

0. 

0. 

40 

87. 

0. 

0. 

50 

105. 

0. 

0. 

60 

125. 

0. 

0. 

70 

149. 

0. 

0. 

80 

204. 

0. 

0. 

90 

212. 

0. 

0. 

100 

249. 

0. 

0. 
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PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  5900  BOILER  REPLACEMENT  (BOILER  1  AND  2) 


BOILER/HEATER  IDENT.  NO.  1 
MAXIMUM  OUTPUT,  BTU/HR  10000000. 
ELECTRIC  ACCESSORIES,  KW  0. 
STEAM  ACCESSORIES,  BTU/HR  0. 


LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

2375000 

20 

3575000 

30 

4612500 

40 

5637500 

50 

6712500 

60 

7812500 

70 

8975000 

80 

10150000 

90 

11325000 

100 

12500000 

BOILER/HEATER  IDENT.  NO.  2 
MAXIMUM  OUTPUT,  BTU/HR  10000000. 
ELECTRIC  ACCESSORIES,  KW  0. 
STEAM  ACCESSORIES,  BTU/HR  0. 


ENERGY  IN 
(BTU/HR  OR  KW) 


10 

2375000. 

20 

3575000. 

30 

4612500. 

40 

5637500. 

50 

6712500. 

60 

7812500. 

70 

8975000. 

80 

10150000. 

90 

11325000. 

100 

12500000. 

K.3.34 


PC-CUBE  VERSION  2.0.3 
CENTRAL  PLANT  5900  BOILER  REPLACEMENT  (BOILER  1  AND  2) 


BOILER/HEATER  IDENT.  NO.  3 
MAXIMUM  OUTPUT,  BTU/HR  7610000. 
ELECTRIC  ACCESSORIES,  KW  0. 
STEAM  ACCESSORIES,  BTU/HR  0. 


LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

2268310 

20 

2583690 

30 

3796690 

40 

4961170 

50 

6077130 

60 

7290130 

70 

8430350 

80 

9631220 

90 

10819960 

100 

12130000 

BOILER/HEATER  IDENT.  NO.  4 
MAXIMUM  OUTPUT,  BTU/HR  6220000. 
ELECTRIC  ACCESSORIES,  KW  0. 
STEAM  ACCESSORIES,  BTU/HR  0. 


ENERGY  IN 
(BTU/HR  OR  KW) 

1900000. 

2180000. 

3220000. 

4240000. 

5230000. 

6220000. 

7240000. 

8200000. 

8140000. 

10000000. 


LOAD 


20 

30 

40 

50 

60 

70 

80 

90 

100 
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PC -CUBE  VERSION  2.0.3 

CENTRAL  PLANT  5900  BOILER  REPLACEMENT  (BOILER  1  AND  2) 


BOILER/HEATER  IDENT.  NO.  5 
MAXIMUM  OUTPUT,  BTU/HR  8880000. 
ELECTRIC  ACCESSORIES,  KW  0. 
STEAM  ACCESSORIES,  BTU/HR  0. 


LOAD 

ENERGY  IN 
(BTU/HR  < 

10 

2646000. 

20 

3052000. 

30 

4508000. 

40 

5936000. 

50 

7140000. 

60 

8526000. 

70 

9870000. 

80 

11242000. 

90 

12600000. 

100 

14000000. 
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PC- CUBE 

CENTRAL  PLANT  5900  BOILER  REPLACEMENT  (BOILER  1  AND  2) 

NUMBER  OF  EACH  DAY  TYPE  PER  MONTH 

MONTH  DAY  TYPE 

12  3 


JAN 

23 

8 

0 

FEB 

20 

8 

0 

MAR 

21 

10 

0 

APR 

0 

0 

30 

MAY 

23 

8 

0 

JUN 

20 

10 

0 

JUL 

23 

8 

0 

AUG 

22 

9 

0 

SEP 

22 

8 

0 

OCT 

0 

0 

31 

NOV 

21 

9 

0 

DEC 

22 

9 

0 

HEATING 

INPUT  ENERGY  LOADS  FOR  SYNTHETIC  LOADS  GENERATOR 
COOLING  ELECTRIC 

PROCESS 

PEAK 

LOAD 

PEAK 

LOAD 

DEMAND 

LOAD 

PEAK 

LOAD 

THOUSAND 

MILLION 

THOUSAND 

MILLION 

THOUSAND 

THOUSAND 

MILLION 

MONTH 

BTU/HR 

BTU 

BTU/HR 

BTU 

KILOWATT 

KWH 

BTU/HR 

BTU 

JAN 

57938.0 

11818.0 

.0 

.0 

.0 

.0 

.0 

.0 

FEB 

57938.0 

9046.0 

.0 

.0 

.0 

.0 

.0 

.0 

MAR 

57938.0 

7725.0 

.0 

.0 

.0 

.0 

.0 

.0 

APR 

.0 

*  .0 

.0 

.0 

.0 

.0 

.0 

.0 

MAY 

.0 

.0 

5212.0 

7368.0 

.0 

.0 

.0 

.0 

JUN 

.0 

.0 

18384.0 

30305.0 

.0 

.0 

.0 

.0 

JUL 

.0 

.0 

18384.0 

8487.0 

.0 

.0 

.0 

.0 

AUG 

.0 

.0 

18384.0 

8494.0 

.0 

.0 

.0 

.0 

SEP 

.0 

.0 

18384.0 

7888.0 

.0 

.0 

.0 

.0 

OCT 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

NOV 

21864.0 

6339.0 

.0 

.0 

.0 

.0 

.0 

.0 

DEC 

57938.0 

9820.0 

.0 

.0 

.0 

.0 

.0 

.0 

TOTAL 

44748.0 

62542.0 

.0 

.0 
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PC-CUBE 

CENTRAL  PLANT  5900  BOILER  REPLACEMENT  (BOILER  1  AND  2) 

INPUT  LOAD  PROFILES 


HEATING 

HOUR  DAY  TYPE 

12  3 


COOLING 
DAY  TYPE 


ELECTRIC 
DAY  TYPE 
12  3 


PROCESS 
DAY  TYPE 
12  3 


1 

.600 

.700 

.000 

.300 

.300 

.000 

2 

.600 

.700 

.000 

.300 

.300 

.000 

3 

.600 

.700 

.000 

.300 

.300 

.000 

4 

.600 

.700 

.000 

.300 

.300 

.000 

5 

.600 

.700 

.000 

.300 

.300 

.000 

6 

.600 

.700 

.000 

.300 

.300 

.000 

7 

.600 

.700 

.000 

.300 

.300 

.000 

8 

.600 

.700 

.000 

.300 

.300 

.000 

9 

.600 

.700 

.000 

.300 

.300 

.000 

10 

.600 

.700 

.000 

.300 

.300 

.000 

11 

.600 

.700 

.000 

.300 

.300 

.000 

12 

.600 

.700 

.000 

.300 

.300 

.000 

13 

.400 

.500 

.000 

.500 

.500 

.000 

14 

.400 

.500 

.000 

.600 

.500 

.000 

15 

.400 

.500 

.000 

.700 

.500 

.000 

16 

.400 

.500 

.000 

.600 

.500 

.000 

17 

.400 

.500 

.000 

.600 

.500 

.000 

18 

.400 

.700 

.000 

.500 

.500 

.000 

19 

.600 

.700 

.000 

.500 

.500 

.000 

20 

.600 

.700 

.000 

.500 

.500 

.000 

21 

.600 

.700 

.000 

.300 

.300 

.000 

22 

.600 

.700 

.000 

.300 

.300 

.000 

23 

.600 

.700 

.000 

.300 

.300 

.000 

24 

.600 

.700 

.000 

.300 

.300 

.000 

500 

.500 

.500 

.300 

.300 

.300 

500 

.500 

.500 

.300 

.300 

.300 

500 

.500 

.500 

.300 

.300 

.300 

500 

.500 

.500 

.300 

.300 

.300 

500 

.500 

.500 

.300 

.300 

.300 

700 

.700 

.700 

.500 

.300 

.300 

700 

.700 

.700 

.500 

.300 

.300 

700 

.700 

.700 

.500 

.300 

.300 

700 

.700 

.700 

.500 

.300 

.300 

700 

.700 

.700 

.500 

.300 

.300 

700 

.700 

.700 

.700 

.300 

.300 

700 

.700 

.700 

.700 

.300 

.300 

700 

.700 

.700 

.700 

.300 

.300 

700 

.700 

.700 

.700 

.300 

.300 

700 

.700 

.700 

.700 

.300 

.300 

700 

.700 

.700 

.700 

.300 

.300 

700 

.700 

.700 

.700 

.300 

.300 

700 

.700 

.700 

.500 

.300 

.300 

700 

.700 

.700 

.500 

.300 

.300 

500 

.500 

.500 

.500 

.300 

.300 

500 

.500 

.500 

.300 

.300 

.300 

500 

.500 

.500 

.300 

.300 

.300 

500 

.500 

.500 

.300 

.300 

.300 

500 

.500 

.500 

.300 

.300 

.300 

PROFILE  ADJUSTMENT  START  AND 
HEATING 


STOP  TIME,  NUMBER  OF  DAY  TYPES  TO  ADJUST  AND  LIMIT  OF  RANDOM  VARIATION 
COOLING  ELECTRIC  PROCESS 


START  HOUR  0 

END  HOUR  24 

NO  DAY  TYPES  2 
ADJUST  LIMIT  .30 


0  0  0 

24  24  24 

2  3  1 

.20  -30  -30 


HOURS  OF  AUXILIARY  FUEL  IN  EACH  MONTH 

ooooooooooo 
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PC -CUBE  VERSION  2.0.3 

CENTRAL  PLANT  5900  BOILER  REPLACEMENT  (BOILER  1  AND  2) 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUME. ,  1000  CU  FT  57673. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  624. 

ELECTRICAL  CONSUMPTION ,  KWH  4113574. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  1781. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  4113574. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  1781. 


MID-PEAK  CONSUMPTION  KWH 
MID-PEAK  KW  DEMAND  (15  MIN  BASIS) 
OFF-PEAK  CONSUMPTION  KWH 
OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 
GENERATED  ELECTRICAL  POWER  KWH 
SOLD  ELECTRICAL  POWER  KWH 

AUXILIARY  FUEL  CONSUMPTION 

DIR.  PROC.  GAS  CONSUMP . ,  1000  CF 
CHILLER  OPERATING  HOURS 


CHILLER  1  3672 

CHILLER  2  3672 

CHILLER  3  2512 

CHILLER  4  1456 

CHILLER  5  934 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  2554 

BOILER  3  57 

BOILER  4  0 

BOILER  5  0 

BOILER  6  0 


RECOVERABLE  HEAT  USED,  MBTU 
RECOVERABLE  HEAT  UNUSED,  MBTU 


**  TOTAL  ** 


K.3.39 


MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  COOLING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  ^  COUNT 


PAGE  NO. 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


monthly  maximums  and  count  of  hours  that  heating  load  exceeded  equipment  capacity 

SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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K.3.40 


MONTHLY  MAXI  MUMS  AND  COUNT  OF  HOURS  THAT  ELECTRICAL  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 


MAXIMUM 

LOAD  AT 

HR 

COUNT 

JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

COUNT  OF 

COOLING 

LOAD 

i  HOURS 

JAN  0 

FEB  0 

MAR  0 

APR  0 

MAY  744 

JUN  720 

JUL  744 

AUG  744 

SEP  720 

OCT  0 

NOV  0 

DEC  0 


PAGE  NO.  14 


K.3.41 


PAGE  NO.  15 


PC -CUBE  VERSION  2.0.3 

CENTRAL  PLANT  5900  BOILER  REPLACEMENT  (BOILER  1  AND  2) 

ANNUAL  NUMBER  OF  HOURS  AT  10  PERCENT  INCREMENTS  OF  LOAD 


SYSTEM  Cl 

NORMAL 

HEATING  AND 

COOLING 

LOADS 

CHR 

0-10 

11-20 

21-30 

31-40 

41-50 

1 

0 

0 

0 

0 

0 

2 

42 

702 

0 

0 

0 

3 

240 

208 

192 

240 

144 

4 

0 

0 

36 

64 

84 

5 

48 

47 

32 

84 

723 

BLR 

0-10 

11-20 

21-30 

31-40 

41-50 

1 

0 

0 

0 

0 

0 

2 

327 

380 

297 

341 

400 

3 

19 

38 

0 

0 

0 

4 

0 

0 

0 

0 

0 

5 

0 

0 

0 

0 

0 

6 

0 

0 

0 

0 

0 

51-60 

61-70 

71-80 

81-90 

91-100 

TOTAL 

0 

0 

0 

0 

3672 

3672 

0 

0 

0 

112 

2816 

3672 

32 

0 

0 

0 

1456 

2512 

112 

156 

25 

12 

967 

1456 

0 

0 

0 

0 

0 

934 

51-60 

61-70 

71-80 

81-90 

91-100 

TOTAL 

66 

100 

175 

287 

2996 

3624 

229 

172 

258 

55 

95 

2554 

0 

0 

0 

0 

0 

57 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

K.3.42 
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PC -CUBE  VERSION  2.0.3 

CENTRAL  PLANT  5900  BOILER  REPLACEMENT  (BOILER  1  AND  2) 


******************  PURCHASED 


GAS 

GAS 

ON-PK 

ON-PK 

MID-PK 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

DEMAND 

MCF 

MCF 

KW 

THOU  KWH 

KW 

ELECTRICAL  ***************** 

MID-PK  OFF-PK  OFF-PK  AUX  AUX 

CONSUME  DEMAND  CONSUMP  FUEL  FUEL 

THOU  KWH  KW  THOU  KWH  CONSUMP  HRS 


Cl 

1 

624. 

15093, 

Cl 

2 

518. 

11672, 

Cl 

3 

400. 

10102. 

Cl 

4 

0. 

0 

Cl 

5 

0. 

0 

Cl 

6 

0. 

0 

Cl 

7 

0. 

0 

Cl 

8 

0. 

0 

Cl 

9 

0. 

0 

Cl 

10 

0. 

0 

Cl 

11 

352. 

8113 

Cl 

12 

504. 

12693 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

547.  406.  0. 

1781.  1280.  0. 

1781.  827.  0. 

1781.  827.  0. 

1781.  774.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 
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PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  5900  BOILER  REPLACEMENT  (BOILER  1  AND  2) 


COOLING  COOLING 
DEMAND  CON SUMP 

TONS  TON-HRS 


HEAT  HEAT 

DEMAND  CONSUMP 
MBH  MMBTU 


ELECT  ELECT 
DEMAND  CONSUMP 
KW  THOU  KWH 


GEN  SOLD 

ELECT  ELECT 

THOU  KWH  THOU  KWH 


RECOVBL 

HEAT 

USED 

MMBTU 


RECOVBL 

HEAT 

UNUSED 

MMBTU 


Cl 

1 

0. 

0, 

Cl 

2 

0. 

0, 

Cl 

3 

0. 

0, 

Cl 

4 

0. 

0 

Cl 

5 

434. 

320682 

Cl 

6 

1532. 

1099390 

Cl 

7 

1532. 

702426 

Cl 

8 

1532. 

703110 

Cl 

9 

1532. 

654209 

Cl 

10 

0. 

0 

Cl 

11 

0. 

0 

Cl 

12 

0. 

0 

21302. 

11818. 

0, 

17970. 

9046. 

0, 

13558. 

7725. 

0, 

0. 

0. 

0 

0. 

0. 

547 

0. 

0. 

1781 

0. 

0. 

1781 

0. 

0. 

1781 

0. 

0. 

1781 

0. 

0. 

0 

11589. 

6339. 

0 

17455. 

9820. 

0 

0. 

0. 

0. 

0. 

406. 

1280. 

827. 

827. 

774. 

0. 

0. 

0. 


0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  o. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
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APPENDIX  L 


PROJECT  4  -  REPLACE  A  CHILLER  IN  CENTRAL  PLANT  2812 


APPENDIX  L.l  -  PROJECT  ANALYSIS 
APPENDIX  L.2  -  PC-CUBE  BASERUN 
APPENDIX  L.3  -  PC-CUBE  ECO  RUN 


APPENDIX  L.1 


PROJECT  ANALYSIS 


L.  1. 1 


ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  2812 

ENERGY  CONSERVATION  OPPORTUNITY:  PROJECT  4 

SYSTEM  MODIFICATION:  INSTALL  NEW  CHILLER 
SYSTEMS  TO  MODIFY:  CHILLER  1 


CALCULATION  DESCRIPTION: 

Hand  calculation  sheet  was  prepared  to  determine  the  energy  savings  for 
Project  4,  replace  an  existing  chiller  with  a  higher  efficiency  chiller. 

It  was  estimated  that  the  peak  electrical  demand  can  be  saved  by  installing  ice  storage 
cooling  system. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

E 

lectric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Energy(kWh) 

Baseline 

101 

386,000 

— 

1,317 

ECO 

78 

308,000 

— 

1,051 

Savinas  (Baseline -ECO) 

23 

78.000 

0 

266 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 


Electricity:  266  MMBtu/Yr  X  $4.0141 /MMBtu  =  $1 ,069  per  year 

Nat.  Gas:  0  MMBtu/Yr  X  $2.92 /MMBtu  =  $0  per  year 


Total  Energy  Cost  Savings: 

$1 ,069 

+  $0 

$1 ,069  per  year 

NON-ENERGY  SAVINGS  (+), 

T 

CO 

o 

o 

Demand: 

23  kW/monih 

X  $1 .787  /kW  X 

12  months/year 

= 

(+) 

$493 

per  year 

Maintenance:  = 

(-) 

$2,600 

per  year 

Total: 

$493 

— 

$2,600 

($2,107)  per  year 

[ECO-SHT2.WK3] 


L.1.2 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  PROJECT 4 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  INSTALL  NEW  CHILLER  IN  2812 
ANALYSIS  DATE:  09-25-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 


1.  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  (1A+1B+1C)X.9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (1D-1E) 


$  207384. 

$  11407. 

$  12443. 

$  208111. 

-$  0. 

$  208111. 


2‘  mJaL YS I SADATES ANNUAL  SAVINGs!  UNIT  COST  &  DISCOUNTED  SAVINGS 


FUEL 

UNIT  COST 

$/mbtu ( 1 ) 

SAVINGS 
MBTU/YR( 2 ) 

A. 

ELECT 

$ 

4.01 

266. 

B. 

DIST 

$ 

.00 

0. 

C. 

RESID 

$ 

.00 

0. 

D. 

NAT  G 

$ 

2.92 

0. 

E. 

COAL 

$ 

.00 

0. 

F. 

TOTAL 

266. 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

SAVINGS ( 3 ) 

FACTOR ( 4 ) 

SAVINGS ( 5 ) 

$  1068. 

11.37 

12140. 

$  o. 

17.06 

0. 

$  o. 

16.85 

0. 

$  0. 

17.52 

0. 

$  0. 

13.34 

0. 

$  1068. 

$  12140. 

3.  NON  ENERGY  SAVINGS(+)  /  COST(-) 

A.  ANNUAL  RECURRING  (+/-)  * 

(1)  DISCOUNT  FACTOR  (TABLE  A)  11. bb 

(2)  DISCOUNTED  SAVING/COST  (3A  X  3A1)  5 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+)  /COST(-)  (3A2+3Bd4)  $ 


-2107. 

-24547. 

-24547. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $ 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)= 

C  IF  3D1B  IS  *  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 


4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $ 


-1039. 


5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C) 


$  -12407. 


6.  DISCOUNTED  SAVINGS  RATIO 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED) 


(SIR)«(5  /  IF ) =  -.06 


SPB-1F/4 


****** 
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COST  ESTIMATE  ANALYSIS  INVITATION  NO./CONTRACT  NO.  EFFECTIVE  PRICING  DATE  PREPARED 

DACA  59-90- C -0087  DATE  APR.  91  23-Sep-91 
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2 

2 

3 
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CL 
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O 

CO 

TOTAL  THIS  SHEET 


SYMBOLS  LEGEND 


0 

0 

0 

0 


0 

0 


S 


ALARM  CONTACT  SIGNAL 
FLOW  INDICATION 
PRESSURE  INDICATION 
METER 

ON-OFF  STATUS  SIGNAL 
DIFFERENTIAL  PRESSURE  SWITCH 
START-UP  INTERFACE 
TEMPERATURE  INDICATION 
FLUE  GAS  ANALYSIS,  OXYGEN 
KILOWATT  METER 
EXISTING- TO-NEW 


L.1.5 


5  EXISTING- TO-NEW 


REPLACE  CHILLER  AND  PUMPS 
BUILDING  2812 


APPENDIX  L.2 


PC-CUBE  BASERUN 

(See  Appendix  K.2  for  Central  Plant  2812  PC-CUBE  baserun) 


L.2. 1 


APPENDIX  L.3 


PC-CUBE  ECO  RUN 


PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  2812  CHILLER  REPLACEMENT  ECO 

SYSTEM  Cl  REPACE  AN  EXISTING  CHILLER  WITH  A  NEW  CHILLER 


NUMBER  OF  SYSTEMS  1 
DIFFERENT  TYPE  GENERATORS  0 
DIFFERENT  TYPE  CHILLERS  1 
DIFFERENT  TYPE  BOILERS  OR  HEATERS  2 
NATURAL  GAS  HIGHER  HEATING  VALUE  1000. 
NATURAL  GAS  LOWER  HEATING  VALUE  951. 
AUXILIARY  FUEL 

AUXILIARY  FUEL  HEATING  VALUE  1. 
KILOWATT  DEMAND  BILLING  BASIS  (MINUTES)  15 
DEMAND  FACTOR*  (TIMES  HOURLY  KILOWATT  AVERAGE)  1.00 


PAGE  NO.  1 


GENERATOR 

CHILLER 

PERCENTAGE 

DIRECT  FIRED 

STEAM 

SYSTEM 

OPERATION 

OPERATION 

PROCESS  HEAT 

PROCESS  HEAT 

AF 

PROC 

TURB 

ID 

SCHEDULE 

SCHEDULE 

DIRECT  FIRED 

EFFICIENCY 

KEY 

KEY 

KEY 

AUX  FUEL  DESCRIPTION 

Cl 

0 

1 

0. 

100. 

0 

0 

0 

1 

CHILLER  IDENTIFICATION  NUMBERS 

Cl  1000000000 

BOILER/HEATER  IDENTIFICATION  NUMBERS 

Cl  1200000000 

*  NOTE-  DEMAND  FACTOR  =  ESTIMATED  RATIO  OF  THE  MAXIMUM  DEMAND  THAT  WILL  BE  RECORDED 
DURING  THE  BILLING  PERIOD  TO  THE  MAXIMUM  HOURLY  DEMAND  COMPUTED. 
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PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  2812  CHILLER  REPLACEMENT  ECO 
OPERATION  SCHEDULE  NO  1 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  PICKS  UP  THE  REMAINDER  OF  THE  LOAD,  ETC. 

OPERATION  SCHEDULE  NO  2 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED. 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  BOTH  THE  FIRST  AND  SECOND  SHARE  THE  LOAD  EQUALLY,  ETC. 


OPERATION  SCHEDULE  NO  3 

ALL  UNITS  ARE  TURNED  ON  AND  SHARE  THE  LOAD  EQUALLY. 


OPERATION  SCHEDULE  NO  4 

THE  FIRST  UNIT  CARRIES  THE  LOAD  UNTIL  ITS  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER  FACTOR)  IS  REACHED 
THE  SECOND  UNIT  IS  THEN  STARTED  AND  THE  FIRST  UNIT  IS  STOPPED.  WHEN  THE  CAPACITY  (OR  CAPACITY 
TIMES  SWITCHOVER  FACTOR)  OF  THE  SECOND  UNIT  IS  REACHED,  A  THIRD  UNIT  IS  STARTED  AND  SHARES  THE  LOAD 
EQUALLY  WITH  THE  SECOND.  IF  THE  LOAD  IS  GREATER  THAN  THE  CAPACITY  (OR  CAPACITY  TIMES  SWITCHOVER 
FACTOR)  OF  BOTH  UNITS,  THE  FIRST  IS  RESTARTED  AND  CARRIES  THE  EXCESS  LOAD. 


GENERATOR  TYPES 

1  =  RECIPROCATING  ENGINE 

2  =  GAS  TURBINE 

3  =  STEAM  TURBINE 


CHILLER  TYPES 

1  =  ABSORPTION 

2  =  STEAM  TURBINE 

3  =  ENGINE 

4  =  ELECTRIC  MOTOR 


L.3.3 


PC -CUBE  VERSION  2.0.3 

CENTRAL  PLANT  2812  CHILLER  REPLACEMENT  ECO 

Cl 

GENERATOR  SYSTEM  TYPE  0 

DAYTYPE  123  123  123  123 

GENERATOR  START  TIME  000 

GENERATOR  STOP  TIME  000 
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ELECTRIC  COST  PER  KWH  .01370 

ELECTRIC  DEMAND  COST  PER  KW  1.78700 

MINIMUM  DEMAND  FRACTION  1.00000 

GAS  COST  PER  CUBIC  FOOT  .29200 

GAS  COST  ADJUSTMENT  PER  CUBIC  FOOT  .00000 

WINTER  GAS  RATE  MULTIPLIER  FOR  SUMMER  RATES  .00000 
STARTING  MONTH  FOR  SUMMER  GAS  RATE  0 
ENDING  MONTH  FOR  SUMMER  GAS  RATE  0 

AUXILIARY  FUEL  COST  PER  UNIT  .00000 


L.3.4 


PC-CUBE  VERSION  2.0.3 


CENTRAL  PLANT  2812  CHILLER  REPLACEMENT  ICO 


CHILLER  IDENTIFICATION  NO. 
CHILLER  TYPE 

PERCENT  OF  MAX  OUTPUT  TO  START 
MAXIMUM  OUTPUT,  BTU/HR 
PILOT  FUEL  IN,  BTU/HR 
ELECTRIC  ACCESSORIES,  KW 
STEAM  ACCESSORIES  BTU/HR 
PERCENT  ACCESSORY  LOAD  TO  VARY 


4  **  ELECTRIC  MOTOR 
.00 


4104000. 

0. 

23. 

0. 

.27 


LOAD 

ENERGY  IN 

RECOVERABLE  HEAT 

AUXILIARY  FUEL  IN 

(BTU/HR  OR  KW) 

(BTU/HR) 

(BTU/HR) 

10 

39. 

0. 

0. 

20 

54. 

0. 

0. 

30 

69. 

0. 

0. 

40 

86. 

0. 

0. 

50 

103. 

0. 

0. 

60 

123. 

0. 

0. 

70 

148. 

0. 

0. 

80 

202. 

0. 

0. 

90 

209. 

0. 

0. 

100 

246. 

0. 

0. 

AF  RECOVERABLE  HEAT 
(BTU/HR) 
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PC-CUBE  VERSION  2.0.3 
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CENTRAL  PLANT  2812  CHILLER  REPLACEMENT  ECO 


BOILER/HEATER  IDENT.  NO.  1 
MAXIMUM  OUTPUT,  BTU/HR  2770000. 
ELECTRIC  ACCESSORIES,  KW  15. 
STEAM  ACCESSORIES,  BTU/HR  0. 


LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

824980 

20 

1067040 

30 

1580800 

40 

2089620 

50 

2588560 

60 

3077620 

70 

3556800 

80 

4026100 

90 

4485520 

100 

4940000 

BOILER/HEATER  IDENT.  NO.  2 
MAXIMUM  OUTPUT,  BTU/HR  2860000. 
ELECTRIC  ACCESSORIES,  KW  0. 
STEAM  ACCESSORIES,  BTU/HR  0. 


ENERGY  IN 
(BTU/HR  OR  KW) 


10 

854620. 

20 

1096680. 

30 

1625260. 

40 

2134080. 

50 

2633020. 

60 

3117140. 

70 

3591380. 

80 

4050800. 

90 

4500340. 

100 

4940000. 

L.3.6 
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PC- CUBE 

CENTRAL  PLANT  2812  CHILLER  REPLACEMENT  ECO 

NUMBER  OF  EACH  DAY  TYPE  PER  MONTH 

MONTH  DAY  TYPE 

12  3 


JAN  23 

FEB  22 

MAR  23 

APR  0 

MAY  23 

JUN  20 

JUL  23 

AUG  22 

SEP  22 

OCT  0 

NOV  21 

DEC  22 


8  0 

6  0 

8  0 

0  30 

8  0 

10  0 

8  0 

9  0 

8  0 

0  31 

9  0 

9  0 


HEATING 


INPUT  ENERGY  LOADS  FOR  SYNTHETIC  LOADS  GENERATOR 
COOLING  ELECTRIC 


PROCESS 


PEAK 

LOAD 

THOUSAND 

MILLION 

MONTH 

BTU/HR 

BTU 

PEAK 

THOUSAND 

BTU/HR 


LOAD 

MILLION 

BTU 


DEMAND 

KILOWATT 


LOAD 

THOUSAND 

KWH 


PEAK 

THOUSAND 

BTU/HR 


LOAD 

MILLION 

BTU 


JAN 

7867.0 

2049.0 

.0 

FEB 

7867.0 

1558.0 

.0 

MAR 

7867.0 

1304.0 

.0 

APR 

.0 

.0 

.0 

MAY 

.0 

.0 

846.0 

JUN 

.0 

.0 

4106.0 

JUL 

.0 

.0 

4106.0 

AUG 

.0 

.0 

4106.0 

SEP 

.0 

.0 

4106.0 

OCT 

.0 

.0 

.0 

NOV 

3870.0 

1090.0 

.0 

DEC 

7867.0 

1719.0 

.0 

.0 

.0 

.0 

.0 

129.0 

272.0 

327.0 

326.0 

218.0 

.0 

.0 

.0 


.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


TOTAL 


7720.0 


1272.0 


.0 


.0 
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PC-CUBE 
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CENTRAL  PLANT  2812  CHILLER  REPLACEMENT  ECO 

INPUT  LOAD  PROFILES 

HEATING  COOLING  ELECTRIC  PROCESS 

HOUR  DAY  TYPE  DAY  TYPE  DAY  TYPE  DAY  TYPE 


1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

2 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

3 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

4 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

5 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

6 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

7 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

8 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

9 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

10 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

11 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

12 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

13 

.500 

.500 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

14 

.500 

.500 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

15 

.500 

.500 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

16 

.500 

.500 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

17 

.500 

.500 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

18 

.500 

.700 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

19 

.700 

.700 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

20 

.700 

.700 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

21 

.700 

.700 

.000 

.300 

.300 

.000. 

.000 

.000 

.000 

.000 

.000 

.000 

22 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

23 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

24 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

PROFILE  ADJUSTMENT  START  AND  STOP  TIME,  NUMBER  OF  DAY  TYPES  TO  ADJUST  AND  LIMIT  OF  RANDOM  VARIATION 
HEATING  COOLING  ELECTRIC  PROCESS 


START  HOUR 

0 

0 

0 

0 

END  HOUR 

24 

24 

0 

0 

NO  DAY  TYPES 

2 

2 

0 

0 

ADJUST  LIMIT 

.30 

.30 

.00 

.00 

HOURS  OF  AUXILIARY  FUEL  IN  EACH  MONTH 

000000000000 


L.3.8 


PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  2812  CHILLER  REPLACEMENT  ECO 

SYSTEM  Cl  REPACE  AN  EXISTING  CHILLER  WITH  A  NEW  CHILLER 


FUEL  AND  POWER  CONSUMPTION 

TOTAL  GAS  CONSUME.,  1000  CU  FT 
PEAK  DAY  GAS  CONSUMP . ,  1000  CU  FT 

ELECTRICAL  CONSUMPTION,  KWH 
PEAK  KW  DEMAND  (15  MIN  BASIS) 

PURCHASED  ELECTRIC  POWER 
ON -PEAK  CONSUMPTION  KWH 
ON-PEAK  KW  DEMAND  (15  MIN  BASIS) 

MID -PEAK  CONSUMPTION  KWH 
MID-PEAK  KW  DEMAND  (15  MIN  BASIS) 
OFF-PEAK  CONSUMPTION  KWH 
OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 
GENERATED  ELECTRICAL  POWER  KWH 
SOLD  ELECTRICAL  POWER  KWH 


AUXILIARY  FUEL  CONSUMPTION 


1000  CF 


DIR.  PROC.  GAS  CONSUMP., 
CHILLER  OPERATING  HOURS 
CHILLER  1 

BOILER  OPERATING  HOURS 
BOILER  1 
BOILER  2 

RECOVERABLE  HEAT  USED,  MBTU 
RECOVERABLE  HEAT  UNUSED,  MBTU 


SYSTEM  Cl 

14107. 

136. 

269860. 

70. 

269860. 

70. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

3672 

3624 

456 

0. 

0. 
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**  TOTAL  ** 


L.3.9 


JAN 

FEB 

MAH 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  COOLING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 

0.  0  0 

0.0  0 

0.  0  0 

0.  0  0 

0.0  0 

0.  0  0 

0.0  0 

0.  0  0 

0.0  0 

0.0  0 

0.  0  0 

0.0  0 

MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  HEATING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 

0.  0  0 

0.0  0 

0.  0  0 

0.0  0 

0.  0  0 

0.0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.0  0 
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L.3.10 


MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  ELECTRICAL  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 


PAGE  NO.  10 


SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

COUNT  OF 

COOLING 

LOAD 

HOURS 

JAN 

0 

FEB 

0 

MAR 

0 

APR 

0 

MAY 

744 

JUN 

720 

JUL 

744 

AUG 

744 

SEP 

720 

OCT 

0 

NOV 

0 

DEC 

0 

L.3.11 


PC -CUBE  VERSION 

CENTRAL  PLANT  2812  CHILLER  REPLACEMENT  ECO 


ANNUAL 

NUMBER  OF 

HOURS  AT  10 

PERCENT 

INCREMENTS  OF 

LOAD 

SYSTEM 

Cl  REPACE 

AN  EXISTING 

CHILLER 

WITH  A  NEW  CHILLER 

CHR 

0-10 

11-20 

21-30 

31-40 

41-50 

1 

2696 

976 

0 

0 

0 

BLR 

0-10 

11-20 

21-30 

31-40 

41-50 

1 

0 

0 

0 

51 

211 

2 

219 

237 

0 

0 

0 

PAGE  NO.  11 

2.0.3 


51-60 

61-70 

71-80 

81-90 

91-100 

TOTAL 

0 

0 

0 

0 

0 

3672 

51-60 

61-70 

71-80 

81-90 

91-100 

TOTAL 

568 

672 

586 

471 

1065 

3624 

0 

0 

0 

0 

0 

456 

L.3.12 


PC -CUBE  VERSION  2.0.3 

CENTRAL  PLANT  2812  CHILLER  REPLACEMENT  ECO 


PAGE  NO. 


******************  PURCHASED 


GAS 

GAS 

ON-PK 

ON-PK 

MID-PK 

demand 

CONSUMP 

DEMAND 

CONS  IMP 

DEMAND 

MCF 

MCF 

KW 

THOU  KWH 

KW 

ELECTRICAL  ***************** 

MID-PK  OFF-PK  OFF-PK  AUX  AUX 

CON3UMP  DEMAND  CONSUMP  FUEL  FUEL 

THOU  KWH  KW  THOU  KWH  CONSUMP  HRS 


Cl 

1 

136. 

3753. 

15. 

11 

Cl 

2 

115. 

2817. 

15. 

10 

Cl 

3 

87. 

2403. 

15. 

11 

Cl 

4 

0. 

0. 

0. 

0 

Cl 

5 

0. 

0. 

57. 

42 

Cl 

6 

0. 

0. 

66. 

42 

Cl 

7 

0. 

0. 

70. 

45 

Cl 

8 

0. 

0. 

70. 

45 

Cl 

9 

0. 

0. 

61. 

41 

Cl 

10 

0. 

0. 

0. 

0 

Cl 

11 

77. 

2026. 

15. 

11 

Cl 

12 

114. 

3108. 

15. 

11 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  o.  o. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 
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L.3.13 


CENTRAL  PLANT  2812  CHILLER  REPLACEMENT  ECO 


PC -CUBE  VERSION  2.0.3 


PAGE  NO. 


RECOVBL  RECOVBL 


COOLING 

COOLING 

HEAT 

HEAT 

ELECT 

ELECT 

GEN 

SOLD 

HEAT 

HEAT 

DEMAND 

CON SUMP 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

ELECT 

ELECT 

USED 

UNUSED 

TONS 

TON-HRS 

MBH 

MMBTU 

KW 

THOU  KWH 

THOU  KWH 

THOU  KWH 

MMBTU 

MMBTU 

Cl 

1 

0. 

0. 

3314. 

2049. 

15. 

11. 

0. 

0. 

0. 

0. 

Cl 

2 

0. 

0. 

2817. 

1550. 

15. 

10. 

0. 

0. 

0. 

0. 

Cl 

3 

0. 

0. 

2114. 

1304. 

15. 

11. 

0. 

0. 

0. 

0. 

Cl 

4 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

5 

25. 

10750. 

0. 

0. 

57. 

42. 

0. 

0. 

0. 

0. 

Cl 

6 

56. 

22667. 

0. 

0. 

66. 

42. 

0. 

0. 

0. 

0. 

Cl 

7 

64. 

27250. 

0. 

0. 

70. 

45. 

0. 

0. 

0. 

0. 

Cl 

8 

64. 

27166. 

0. 

0. 

70. 

45. 

0. 

0. 

0. 

0. 

Cl 

9 

44. 

18166. 

0. 

0. 

61. 

41. 

0. 

0. 

0. 

0. 

Cl 

10 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

11 

0. 

0. 

1849. 

1090. 

15. 

11. 

0. 

0. 

0. 

0. 

Cl 

12 

0. 

0. 

2805. 

1719. 

15. 

11. 

0. 

0. 

0. 

0. 
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APPENDIX  M 


PROJECT  5A  -  LOCAL  HOT  WATER  IN  BARRACKS 


APPENDIX  M.l  -  PROJECT  ANALYSIS  FOR  LOCAL  BOILERS 
APPENDIX  M.2  -  PROJECT  ANALYSIS  FOR  CENTRAL  HEATING  PLANT 
APPENDIX  M.3  -  PC-CUBE  BASERUN  FOR  BARRACKS  WITH  MESS  HALL 
APPENDIX  M.4  -  PC-CUBE  BASERUN  FOR  BARRACKS  WITHOUT  MESS  HALL 
APPENDIX  M.5  -  PC-CUBE  CENTRAL  HEATING  PLANT  ECO  RUN 


APPENDIX  M.1 


PROJECT  ANALYSIS  FOR  LOCAL  BOILERS 


M.1.1 


ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT: 

ENERGY  CONSERVATION  OPPORTUNITY:  PROJECT  5A 

SYSTEM  MODIFICATION:  INSTALL  NEW  BOILERS  IN  BARRACKS 
SYSTEMS  TO  MODIFY:  BOILERS  AND  PUMPS 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
Project  5A,  install  new  hot  water  boilers  and  hot  water  pumps  in  barracks. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


Electric 

Nat.  Gas 

Total  Energy 

PC  CUBE  RUN 

DemandfkW) 

Energy  (kWh) 

(MMBtu) 

(MMBtu) 

Baseline 

NA 

NA 

NA 

NA 

Case  Study 

0 

0 

73,543 

73,543 

Eneray  Consumptions 

0 

0 

73.543 

73.543 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity:  0  MMBtu/Yr  X 

Nat.  Gas:  73543  MMBtu/Yr  X 

Total  Energy  Cost  Savings:  $0  + 

NON -ENERGY  SAVINGS  (+),  COST  (-): 

Demend:  0  kW/month  X 

=  (+)  $0  per  year 

Maintenance:  =  (-)  $0  per  year 

Total:  $0  $0  .$0  per  year 


$4.0141  /MMBtu  =  $0  per  year 

$2.92  /MMBtu  =  $214,746  per  year 

$214,746  =  $214,746  per  year 

$1 .787  /kW  X  12  months/year 


[ECQ-SHT2.WK3] 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  PROJECT 5 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  INSTALL  NEW  BOILER  IN  BARRACKS 
ANALYSIS  DATE:  09-26-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 


1.  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( 1A+1B+1C)X. 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (1D-1E) 


$  840985. 

$  46255. 

$  50459. 

$  843929. 

-$  0. 

$  843929. 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

FUEL 

$/MBTU ( 1) 

MBTU/YR( 2 ) 

SAVINGS ( 3 ) 

A. 

ELECT 

$  4.01 

0. 

$ 

0. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

D. 

NAT  G 

$  2.92 

73543. 

$ 

214746. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

F. 

TOTAL 

73543. 

$ 

214746. 

NON 

ENERGY 

SAVINGS (+)  / 

COST ( - ) 

A. 

ANNUAL 

RECURRING  (+/ 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/ COST  ( 3A  X  3A1) 


DISCOUNT 
FACTOR ( 4 ) 

11.37 

17.06 

16.85 

17.52 

13.34 


DISCOUNTED 
SAVINGS ( 5 ) 

0. 

0. 

0. 

3762342. 

0. 


$  3762342. 


11.65 


$ 

$ 


0. 

0. 


C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS(+)  /COST(-)  (3A2+3Bd4)  $ 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  1241573. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  *  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 


4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+( 3B1D/ (YEARS  ECONOMIC  LIFE))  $  214746. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  3762342. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  4.46 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB*lF/4  3.93 
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M.1.4 


DA  FORM  541 8- R,  APR  85 


ENERGY  CONSUMPTION  FOR  BARRACKS 

LOCAL  BOILERS  IN  BARRACKS  OPTION 


N.  GAS  CONSUMPTION  (MCF) 

■iiip 

BLDG 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

3411 

475 

396 

362 

230 

232 1 

230 

232 

231 

230 

232 

318 

415 

Simmilar  Bldg 
12 

5700 

4752 

4344 

2760 

2784 

2760 

2784 

2772 

2760 

2784 

3816 

4980 

3412 

411 

331 

293 

163 

164 

163 

164 

164 

163 

164 

250 

347 

Simmilar  Bldg 
11 

4521 

3641 

3223 

1793 

1804 

1793 

1804 

1804 

1793 

1804 

2750 

mil 

TOTAL 

10,221 

8,393 

7,567 

4,553 

4,588 

4,553 

4,588 

4,576 

4,553 

4,588 

6,566 

8,797 

TOTAL 

73,543  MCF 

or 

73,543  MMBtu 

ELECTRICAL  DEMAND  (KW) _ _ 

BLDG  ” ' 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

341 1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

Simmilar  Bldg 
12 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

3412 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

Simmilar  Bldg 

1 1 

22 

22 

22 

22 

22 

22 

22 

22 

22 

22 

22 

22 

TOTAL 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

_ _ _ _ _ _ _ _ _ 1 

-  ELECTRICAL  CONSUMPTION  (THOUSAND  KWH)  _ 

BLDG 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

341 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

— — IB 

Simmilar  Bldg 
12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

m 

3412 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Simmilar  Bldg 

1 1 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

TOTAL 

23 

23 

23 

23 

23 

23 

23 

23 

23 

23 

23 

BMEBI 

TOTAL 

276,000  kWH 

i,vw  i 

942  MMBtu 


No  electrical  consumption  for  the  comparision  analysis  with  local  boilers  beacuse  in  either  case  HWPs  are  required. 


P-K  Thermific  Gas-Fired  Boiler 


A  New  Standard  of  Efficiency 
in  Non-Condensing  Boilers 


PATTERSON-KELLE  Y  CO. 

Division  of  HARSCO  Corporation  Phone;  717-421-7500 
East  Stroudsburg.  PA  18301  Pax:  717-421  -8735 


(□)  harsco 


Water  heaters  *  warm-air  heaters  •  boilers  *  heat  exchangers  •  blenders  •  drvers  •  fractionation  internals  •  orotective  fininas  •  wear-resistant  steels 


P-K  l/iermific  Gas-fired  Boi/or 


6 


Capacities  and  Dimensions 


Models:  N-700,  N-900,  N-1200 


Capacities  and  Dimensions  Dimensions  In  Inches 


Model 

No. 

BTU 

INPUT 

BTU 

OUTPUT 

A 

B 

C 

D 

E 

F 

G 

H 

J 

K 

L 

M 

MPT 

N 

FPT 

P 

FPT 

Q 

Motor 

H.P. 

N-700 

700,000 

595,000 

19% 

21 

56% 

14 

5% 

EZ9 

23% 

17% 

O 

2 

2 

i% 

10 

■SI 

N-900 

900,000 

765,000 

19% 

21 

56% 

14 

5% 

EH 

8% 

BSH 

23% 

17% 

El 

2 

2 

1% 

10 

_VU 

N-1200 

1,200,000 

1 ,020,000 

19% 

21 

EiBI 

14 

5% 

BPB 

41% 

22% 

cm 

El 

2 

2 

iy2 

10 

■9 

N-1500 

1,500,000 

1,275,000 

25% 

26% 

El 

15 

5% 

123/4 

in 

47% 

m 

Em 

29 

2% 

2% 

2 

12 

WM 

N-1700 

1,700,000 

25% 

67 

15 

5% 

123/4 

EM 

47% 

19% 

29 

2% 

2% 

2 

12 

_*J 

N-1900 

1 ,900,000 

1,615,000 

25% 

ESS 

67 

15 

5% 

8% 

47% 

29 

19% 

29 

2% 

2% 

2 

12 

mm 

A.G.A.  Design-Certified  for  natural  gas.  ASME  Certified  for  160  PSIG,  Section  IV.  National  Board  Registered. 


Standard  Features 


Pressure-temperature  gauge 
Water  flow  switch 
ASME  pressure  relief  valve 
two  diaphragm  main  gas  valves 
Main  gas  pressure  regulator 
(14"  W.C.  max.  inlet) 

Low  gas  pressure  switch  (manual 
reset) 

Main  gas  plug  cock 
Solenoid  pilot  gas  valve 


Pilot  gas  filter 

Pilot  gas  pressure  regulator 
Pilot  gas  cock 

Interrupted  spark-ignited  pilot 
Flame  safe-guard  programmer 
Hi-limit  temperature  control 
with  manual  reset 
Operating  temperature  control 
Differential  air  pressure  switch 
Radial-fired  power  burner 
Interlocked,  finned,  copper 
water  tubes 


•  Adjustable  inlet  air  shutter 

•  Blower  assembly  with  “C”  frame 
motor 

•  Ten-point  diagnostic  annunciator 
control  panel 

•  16-gauge  (min.)  steel  outer  cabinet 

•  16-gauge  aluminum  inner  cabinet 

•  Baked  epoxy  finish 

•  Adjustable  levelers 


Afi  A  Desinn-nprtifipH 
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Series  1510  Pump  Selection  147,0  gpm  30.0  ft. 

Rank  Selections  by  Efficiency  or  Cost  (E/C)?  E 


Rank  Series  Size  Eff.  (%)  Dia.  (in.)  RPM  Mtr  HP  NOL  BHP 


1 

1510 

2-1/2AB 

72.2 

2 

1510 

2-1/2BB 

72.1 

3 

1510 

3BB 

71.2 

4 

1510 

2BC 

66.3 

5 

1510 

2E 

65.5 

6 

1510 

?.AC 

63.2 

7 

1510 

3AB 

59.3 

8 

1510 

4BC 

55.1 

9 

1510 

4  AC 

49.5 

6.000 

1750 

2.000 

1.889 

8.625 

1150 

2.000 

2.066 

8.625 

1150 

2.000 

2.220 

9.125 

1150 

2.000 

1.936 

9.250 

1150 

2.000 

1.944 

6.625 

1750 

2.000 

1.864 

6.250 

1750 

2.000 

2.547 

8.625 

1150 

3.000 

3.353 

5.875 

1750 

3.000 

3.599 

<• —  View  a  pump  in  more  detail 

< — 1  Choose  pumps  to  analyze  further 

< *  Select  Triple  Duty  Valve  < — J  Select  Suction  Diffuser 

< - 1  Return  to  Select  Pumps 

Pump  Selection:  Series  .1510 

Performance  Rank:  1  Cost  rank:  2 


Pump  Size: 

Total  Capacity: 
Efficiency: 
Discharge  size: 
Suction  size: 
Impeller  Diameter: 
End-of -curve  BHP: 
Pump  power,  BHP: 
Motor  power,  HP: 


2-1/2AB 
147.0  GPM 
72.15% 
2.500" 
3.000" 
6.000" 
1.889 
1.543 
2 . 000 


Pump  speed: 
Total  Head: 
NPSH  req: 
Velocity: 
Velocity: 

(at  design: 

(  1.151  Kw) 

(BHP/HP  = 


1750  RPM 
30.0' 
3.53' 
9.85  FPS 
6.38  FPS 

62.8%) 

0.77) 


Motor: 

2.000  HP 


SE  AC  MOTOR  230/460V  145-12  D  367304 
1736  RPM  4  poles  60.000  HZ  3  phase 


Voltage:  230/460  RPM:  1754.2  Eff:  80.06% 

AMP:  5.49/  2.75  P.F.:  65.71%  KVA:  2.187 


Annual  Operating  Cost  per  pump  =  $  1258.97 

for  8760  hours  annually  at  $0.10  /  Kwh 
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APPENDIX  M.2 


PROJECT  ANALYSIS  FOR  CENTRAL  HEATING  PLANT 


M.2.1 


ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  3442 

ENERGY  CONSERVATION  OPPORTUNITY:  PROJECT  5B 

SYSTEM  MODIFICATION:  CONSTRUCT  NEW  CENTRAL  HEATING  PLANT 
SYSTEMS  TO  MODIFY:  BOILERS  AND  PUMPS 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
Project  5B,  construct  new  central  heating  plant,  addition  to  existing  central  cooling  plant. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
fMMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Energy(kWh) 

Baseline 

NA 

NA 

NA 

NA 

Case  Study 

0 

78,000 

75,555 

75,821 

Eneray  ConsumDtions 

0 

78.000 

75.555 

75.821 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 


Electricity:  266  MMBtu/Yr 

X 

$4.0141  /MMBtu  = 

$1 ,069  per  year 

Nat.  Gas:  75555  MMBtu/Yr 

X 

$2.92 /MMBtu  = 

$220,621  per  year 

Total  Energy  Cost  Savings:  $1 ,069 

+ 

$220,621 

$221 ,689  per  year 

NON -ENERGY  SAVINGS  (+),  COST  (-): 

Demand:  0  kW/month 

X 

$1 .787  /kW  X 

12  months/year 

=  (+) 

$0 

per  year 

Maintenance:  =  (-) 

$0 

per  year 

Total:  $0 

$0 

$0  per  year 

IECO-SHT2AMC3] 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  PROJECTS 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  NEW  CENTRAL  PLANT 
ANALYSIS  DATE:  09-26-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 


1. 


2. 


3. 


INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( 1A+1B+1C) X. 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (1D-1E) 


$  1979797. 

$  108889. 

$  118788. 

$  1986727. 

-$  0. 
$  1986727. 


ENERGY  SAVINGS  (+)  /  COST  (-) 
ANALYSIS  DATE  ANNUAL  SAVINGS, 


UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

FUEL 

$/MBTU ( 1 ) 

MBTU/YR( 2 ) 

SAVINGS (3) 

FACTOR ( 4 ) 

A. 

ELECT 

$ 

4.01 

266. 

$ 

1068. 

11.37 

B. 

DIST 

$ 

.00 

0. 

$ 

0. 

17.06 

C. 

RESID 

$ 

.00 

0. 

$ 

0. 

16.85 

D. 

NAT  G 

$ 

2.92 

75555. 

$ 

220621. 

17.52 

E. 

COAL 

$ 

.00 

0. 

$ 

0. 

13.34 

F. 

TOTAL 

75821. 

$ 

221688. 

NON  ENERGY  SAVINGS (+)  /  COST(-) 

A.  ANNUAL  RECURRING  (+/-) 

(1)  DISCOUNT  FACTOR  (TABLE  A)  11.65 

(2)  DISCOUNTED  SAVING/COST  ( 3A  X  3A1) 


DISCOUNTED 
SAVINGS ( 5 ) 

12140. 

0. 

0. 

3865273. 

0. 

$  3877413. 


$  0. 

$  0. 


C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS(+)  /COST(-)  (3A2+3Bd4)  $ 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  1279546. 

A  IF  3D1  IS  *  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)-  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ ( YEARS  ECONOMIC  LIFE))  $  221688. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  3877413. 

6.  DISCOUNTED  SAVINGS  RATIO 
(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED) 


(SIR)=(5  /  IF)-  1.95 
SPB-1F/4  8.96 
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TOTAL  THIS  SHEET 


HEATING  LOAD  FOR  HEATING  PLANT  3442 

CENTRAL  HEATING  PLANT  OPTION 


2J-S*p-M 


M.2.5 


Any  Floor-Mounted  Pump  Selection  157.0  gpm 

Rank  Selections  by  Efficiency  or  Cost  (E/C)?  E 


Rank 

Series 

Size 

Eff.  (%) 

Dia.  (in.) 

RPM 

Mtr  HP 

NOL  BHP 

1 

1531 

2AC 

68.1 

6.875 

3500 

15.000 

15.875 

2 

1510 

2AC 

68.1 

6.875 

3500 

15.000 

15.875 

3 

3510 

1* 5X2X8 

65.7 

6.625 

3500 

15.000 

15.929 

4 

3531 

1. 5X2X8 

65.7 

6.625 

3500 

15.000 

15.929 

5 

1510 

1-1/2AB 

63.0 

6.875 

3500 

15.000 

14.574 

6 

1531 

1-1/2AB 

63 . 0 

6.875 

3500 

15 . 000 

14 . 57  4 

7 

3510 

1.25X1.5X8 

60-7 

7 .250 

3500 

15.000 

13 . 198 

B 

3531 

1.25X1.5X8 

60.7 

7-250 

3500 

15 . 000 

13.198 

9 

1531 

2-1/2AB 

60.1 

6.750 

3500 

15.000 

20.495 

10 

1510 

2-1/2 AB 

60.1 

6.750 

3500 

15.000 

20.495 

< - 1  View  a  pump  in  more  detail 

< — I  Choose  pumps  to  analyze  further 
Select  Triple  Duty  Valve  < — 3  Select  S 

1  Return  to  Select  Pumps 


Suction  Diffuser 


Pump  Selection: 
Performance  Rank:  1 


Series  1531 
cost  rank: 


Pump  Size: 

Total  Capacity: 
Efficiency: 
Discharge  size: 
Suction  size: 
Impeller  Diameter: 
End-of -curve  BHP: 
Pump  power,  BHP: 
Motor  power,  HP: 


2AC 

157.0  GPM 
68.07% 

2 . 000" 
3.000" 
6.875" 
15.875 
10.656 
15.000 


Pump  speed: 
Total  Head: 
NPSH  req: 
Velocity : 
Velocity: 


3500  RPM 
183.0' 
10.22' 
15.01  FPS 
6.81  FPS 


(at  design:  43.9%) 
(  7.946  KW) 

( BHP/HP  «  0.71) 


Motor:  SE  AC  MOTOR  230/460V  215T-35  A  299496 

15.000  HP  3485  RPM  2  poles  60.000  HZ  3  phase 


Voltage:  230/460 
AMP:  25.83/  12.92 


RPM:  3529.4  Eff:  88.38% 
P.F.:  87.38%  KVA:  10.290 


Annual  Operating  Cost  per  pump  -•  $  7876.17 

for  8760  hours  annually  at  $0.10  /  kwh 
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APPENDIX  M.3 


PC-CUBE  BASERUN  FOR  BARRACKS  WITH  MESS  HALL 


M.3.1 


PC -CUBE  VERSION  2.0.3 

BUILDING  3411  LOCAL  BOILER  (BARRACK  W/MESS) 

SYSTEM  Cl  HEATING,  DOMESTIC  HW,  AND  MESS  HALL  LOADS 


NUMBER  OF  SYSTEMS  1 
DIFFERENT  TYPE  GENERATORS  0 
DIFFERENT  TYPE  CHILLERS  0 
DIFFERENT  TYPE  BOILERS  OR  HEATERS  2 
NATURAL  GAS  HIGHER  HEATING  VALUE  1000. 
NATURAL  GAS  LOWER  HEATING  VALUE  951. 
AUXILIARY  FUEL 

AUXILIARY  FUEL  HEATING  VALUE  1- 
KILOWATT  DEMAND  BILLING  BASIS  (MINUTES)  15 
DEMAND  FACTOR*  (TIMES  HOURLY  KILOWATT  AVERAGE)  1.00 


GENERATOR  CHILLER 
SYSTEM  OPERATION  OPERATION 

ID  SCHEDULE  SCHEDULE 


PERCENTAGE 
PROCESS  HEAT 
DIRECT  FIRED 


DIRECT  FIRED 
PROCESS  HEAT 
EFFICIENCY 


Cl  0  1 


0. 


100. 


BOILER/HEATER  IDENTIFICATION  NUMBERS 


STEAM 

AF  PROC  TURB 
KEY  KEY  KEY 

0  0  0 


Cl  1100000000 

*  NOTE-  DEMAND  FACTOR  =  ESTIMATED  RATIO  OF  THE  MAXIMUM  DEMAND  THAT  WILL  BE  RECORDED 
DURING  THE  BILLING  PERIOD  TO  THE  MAXIMUM  HOURLY  DEMAND  COMPUTED. 


PAGE  NO.  1 


AUX  FUEL  DESCRIPTION 

1. 


M.3.2 


PC -CUBE  VERSION  2.0.3 

BUILDING  3411  LOCAL  BOILER  (BARRACK  W/MESS ) 

Cl 

GENERATOR  SYSTEM  TYPE  0 

DAYTYPE  123  123  123  123 

GENERATOR  START  TIME  000 

GENERATOR  STOP  TIME  000 


ELECTRIC  COST  PER  KWH  .01370 

ELECTRIC  DEMAND  COST  PER  KW  1.78700 

MINIMUM  DEMAND  FRACTION  1.00000 

GAS  COST  PER  CUBIC  FOOT  .29200 

GAS  COST  ADJUSTMENT  PER  CUBIC  FOOT  .00000 

WINTER  GAS  RATE  MULTIPLIER  FOR  SU*fl4ER  RATES  .00000 
STARTING  MONTH  FOR  SUMMER  GAS  RATE  0 
ENDING  MONTH  FOR  SUMMER  GAS  RATE  0 

AUXILIARY  FUEL  COST  PER  UNIT  .00000 


M.3.3 


PAGE  NO. 


PC -CUBE  VERSION  2.0.3 


BUILDING  3411  LOCAL  BOILER  {BARRACK  W/MESS) 


BOILER/HEATER  IDENT.  NO. 
MAXIMUM  OUTPUT,  BTU/HR 


1020000. 


ELECTRIC 

ACCESSORIES,  KW 

1. 

STEAM  ACCESSORIES,  BTU/HR 

0. 

LOAD 

ENERGY  IN 

(BTU/HR  OR  KW) 

10 

228000. 

20 

343200. 

30 

442800. 

40 

541200. 

50 

644400. 

60 

750000. 

70 

864000. 

80 

974400. 

90 

1087200. 

100 

1200000. 

BOILER/HEATER  IDENT.  NO. 

2 

MAXIMUM  OUTPUT,  BTU/HR  1020000. 

ELECTRIC 

ACCESSORIES,  KW 

1. 

STEAM  ACCESSORIES,  BTU/HR 

0. 

LOAD 

ENERGY  IN 

(BTU/HR  OR  KW) 

10 

229200. 

20 

343200. 

30 

442800. 

40 

541200. 

50 

644400. 

60 

750000. 

70 

861600. 

80 

974400. 

90 

1087200. 

100 

1200000. 

M.3.4 


PC -CUBE 


PAGE  NO 


4 


BUILDING  3411  LOCAL  BOILER  (BARRACK  W/MESS ) 

NUMBER  OF  EACH  DAY  TYPE  PER  MONTH 

MONTH  DAY  TYPE 

12  3 


JAN  23  8  0 

FEB  20  8  0 

MAR  21  10  0 

APR  22  8  0 

MAY  23  8  0 

JUN  20  10  0 

JUL  23  8  0 

AUG  22  9  0 

SEP  22  8  0 

OCT  23  8  0 

NOV  21  9  0 

DEC  22  9  0 


INPUT  ENERGY  LOADS  FOR  SYNTHETIC  LOADS  GENERATOR 
HEATING  COOLING  ELECTRIC 


PROCESS 


PEAK 

LOAD 

PEAK 

THOUSAND 

MILLION 

THOUSAND 

MONTH 

BTU/ HR 

BTU 

BTU/ HR 

JAN 

1668.0 

369.0 

.0 

FEB 

1668.0 

300.0 

.0 

MAR 

1668.0 

253.0 

.0 

APR 

1021.0 

134.0 

.0 

MAY 

1021.0 

134.0 

.0 

JUN 

1021.0 

134.0 

.0 

JUL 

1021.0 

134.0 

.0 

AUG 

1021.0 

134.0 

.0 

SEP 

1021.0 

134.0 

.0 

OCT 

1021.0 

134.0 

.0 

NOV 

1598.0 

212.0 

.0 

DEC 

1668.0 

308.0 

.0 

LOAD 

DEMAND 

LOAD 

PEAK 

MILLION 

THOUSAND 

THOUSAND 

BTU 

KILOWATT 

KWH 

BTU/HR 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

LOAD 

MILLION 

BTU 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


.0 


.0 


.0 


total 


2380.0 


PC- CUBE 


PAGE  NO 


5 


BUILDING  3411  LOCAL  BOILER  (BARRACK  W/MESS ) 

INPUT  LOAD  PROFILES 


HEATING 


HOUR 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 


COOLING 


ELECTRIC 


PROCESS 


DAY  TYPE 

1  2 

3 

DAY  TYPE 

1  2 

3 

DAY  TYPE 

1  2 

3 

DAY  TYPE 

1  2 

3 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.800 

.800 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.900 

.900 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

1.000 

1.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.800 

.800 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.500 

.500 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.500 

.500 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.500 

.500 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.500 

.500 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.500 

.500 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.500 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.700 

.700 

.000 

.000 

.000 

.000. 

.000 

.000 

.000 

.000 

.000 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

PROFILE  ADJUSTMENT  START  AND 
HEATING 


STOP  TIME,  NUMBER  OF  DAY  TYPES  TO  ADJUST  AND  LIMIT  OF  RANDOM  VARIATION 


COOLING 


ELECTRIC 


PROCESS 


START  HOUR  0  0 

END  HOUR  24  24 

NO  DAY  TYPES  2  2 

ADJUST  LIMIT  .30  .30 


0 

0 

0 

.00 


0 

0 

0 

.00 


HOURS  OF  AUXILIARY  FUEL  IN  EACH  MONTH 

oooooooooooo 


M.3.6 


PC-CUBE  VERSION  2.0.3 

BUILDING  3411  LOCAL  BOILER  {BARRACK  W/MESS) 

SYSTEM  Cl  HEATING,  DOMESTIC  HW,  AND  MESS  HALL  LOADS 

FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP . ,  1000  CU  FT 
PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT 

ELECTRICAL  CONSUMPTION,  KWH 
PEAK  KW  DEMAND  (15  MIN  BASIS) 

PURCHASED  ELECTRIC  POWER 
ON-PEAK  CONSUMPTION  KWH 
ON-PEAK  KW  DEMAND  (15  MIN  BASIS) 

MID- PEAK  CONSUMPTION  KWH 
MID-PEAK  KW  DEMAND  (15  MIN  BASIS) 

OFF-PEAK  CONSUMPTION  KWH 
OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 

GENERATED  ELECTRICAL  POWER  KWH 
SOLD  ELECTRICAL  POWER  KWH 

AUXILIARY  FUEL  CONSUMPTION 

DIR.  PROC.  GAS  CONSUMP . ,  1000  CF 
BOILER  OPERATING  HOURS 
BOILER  1 
BOILER  2 

RECOVERABLE  HEAT  USED,  MB'TU 
RECOVERABLE  HEAT  UNUSED,  MBTU 


0. 

8607 

252 


8859. 

2. 

8859. 

2. 

0. 

0. 

0. 

0. 

0. 

0. 


3582. 

17. 


PAGE  NO.  6 


**  TOTAL  ** 


M.3.7 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


MONTHLY  MAXI MUMS  AND  COUNT  OF  HOURS  THAT  COOLING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 

0.  0  0 

0.  0  0 

0.  0  0 

0.0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.0  0 

0.  0  0 

0.  0  0 

MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  HEATING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 


PAGE  NO.  7 


M.3.8 


MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  ELECTRICAL  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 


PAGE  NO 


S 


SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 

COUNT  OF  COOLING  LOAD 
JAN  0 

FEB  0 

MAR  0 

APR  0 

MAY  0 

JUN  0 

JUL  0 

AUG  0 

SEP  0 

OCT  0 

NOV  0 

DEC  j  0 


0.0  0 
0.  0  0 

0.0  0 

0.  0  0 

0.0  0 

0.  0  0 

0.0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 


M.3.9 


PC-CUBE  VERSION 

BUILDING  3411  LOCAL  BOILER  (BARRACK  W/MESS) 

ANNUAL  NUMBER  OF  HOURS  AT  10  PERCENT  INCREMENTS  OF  LOAD 


SYSTEM  Cl 

HEATING, 

DOMESTIC 

HW,  AND 

MESS  HALL 

LOADS 

BLR 

0-10 

11-20 

21-30 

31-40 

41-50 

1 

0 

4837 

1288 

1083 

818 

2 

101 

0 

0 

5 

32 

PAGE  NO.  9 

2.0.3 


51-60 

61-70 

71-80 

81-90 

91-100 

TOTAL 

202 

14 

0 

42 

323 

8607 

41 

73 

0 

0 

0 

252 

M.3.10 


PC-CUBE  VERSION  2.0.3 


PAGE  NO.  10 


BUILDING  3411  LOCAL  BOILER  (BARRACK  W/MESS ) 


****************** 


GAS 

GAS 

ON-PK 

ON-PK 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

MCF 

MCF 

KW 

THOU  KWH 

Cl 

1 

17. 

475. 

2. 

1. 

Cl 

2 

16. 

396. 

2. 

1. 

Cl 

3 

13. 

362. 

2. 

1. 

Cl 

4 

8. 

230. 

2. 

1. 

Cl 

5 

8. 

232. 

2. 

1. 

Cl 

6 

9. 

230. 

2. 

1. 

Cl 

7 

8. 

232. 

2. 

1. 

Cl 

8 

8. 

231. 

2. 

1. 

Cl 

9 

8. 

230. 

2. 

1. 

Cl 

10 

8. 

232. 

2. 

1. 

Cl 

11 

12. 

318. 

2. 

1. 

Cl 

12 

15. 

415. 

2. 

1. 

PURCHASED 

ELECTRICAL 

***************** 

MID-PK 

MID-PK 

OFF-PK 

OFF-PK 

AUX 

AUX 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

FUEL 

FUEL 

KW 

THOU  KWH 

KW 

THOU  KWH 

CONSUMP 

HRS 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

M.3.11 


PC -CUBE  VERSION  2.0.3 


BUILDING  3411  LOCAL  BOILER  (BARRACK  W/MESS) 


COOLING 

DEMAND 

TONS 


COOLING 
CONSUMP 
TON -HRS 


HEAT 

DEMAND 

MBH 


HEAT 

CONSUMP 

MMBTU 


ELECT 

DEMAND 

KW 


ELECT 
CONSUMP 
THOU  KWH 


GEN 
ELECT 
THOU  KWH 


SOLD 
ELECT 
THOU  KWH 


RECOVBL 

HEAT 

USED 

MMBTU 


PAGE  NO. 


RECOVBL 

HEAT 

UNUSED 

MMBTU 


Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 


1  0.  0. 

2  0.  0. 

3  0.  0. 

4  0.  0. 

5  0.  0. 

6  0.  0. 

7  0.  0. 

8  0.  0. 

9  0.  0. 

10  0.  0. 

11  0.  0. 

12  0.  0. 


1668.  370. 
1668.  301. 
1668.  254. 
1021.  135. 
1021.  135. 
1021.  135. 
1021.  135. 
1021.  135. 
1021.  135. 
1021.  135. 
1598.  213. 
1668.  309. 


2. 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

2. 


11 
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APPENDIX  M.4 


PC-CUBE  BASERUN  FOR 


BARRACKS  WITHOUT  MESS  HALL 


M.4. 1 


PC -CUBE  VERSION  2.0.3 


PAGE  NO 


1 


BUILDING  3412  LOCAL  BOILER  (BARRACK  WO /MESS) 

SYSTEM  Cl  HEATING  AND  DOMESTIC  HW  LOADS 


NUMBER  OF  SYSTEMS  1 
DIFFERENT  TYPE  GENERATORS  0 
DIFFERENT  TYPE  CHILLERS  0 
DIFFERENT  TYPE  BOILERS  OR  HEATERS  2 
NATURAL  GAS  HIGHER  HEATING  VALUE  1000. 
NATURAL  GAS  LOWER  HEATING  VALUE  951. 
AUXILIARY  FUEL 

AUXILIARY  FUEL  HEATING  VALUE  1- 
KILOWATT  DEMAND  BILLING  BASIS  (MINUTES)  15 
DEMAND  FACTOR*  (TIMES  HOURLY  KILOWATT  AVERAGE)  1.00 


SYSTEM 

ID 

GENERATOR 

OPERATION 

SCHEDULE 

CHILLER 

OPERATION 

SCHEDULE 

PERCENTAGE 
PROCESS  HEAT 
DIRECT  FIRED 

DIRECT  FIRED 

PROCESS  HEAT 

EFFICIENCY 

AF 

KEY 

PROC 

KEY 

STEAM 

TURB 

KEY 

AUX  FUEL  DESCRIPTION 

Cl 

0 

1 

-  0. 

100. 

0 

0 

0 

1 

BOILER/HEATER  IDENTIFICATION  NUMBERS 

Cl  2200000000 

*  NOTE-  DEMAND  FACTOR  =  ESTIMATED  RATIO  OF  THE  MAXIMUM  DEMAND  THAT  WILL  BE  RECORDED 
DURING  THE  BILLING  PERIOD  TO  THE  MAXIMUM  HOURLY  DEMAND  COMPUTED. 


M.4.2 


PAGE  NO. 


2 


PC -CUBE  VERSION  2.0.3 

BUILDING  3412  LOCAL  BOILER  (BARRACK  WO/MESS) 

Cl 

GENERATOR  SYSTEM  TYPE  0 

DAYTYPI  123  123  123  123 

GENERATOR  START  TIME  000 

GENERATOR  STOP  TIME  000 


ELECTRIC  COST  PER  KWH  .01370 

ELECTRIC  DEMAND  COST  PER  KW  1.78700 

MINIMUM  DEMAND  FRACTION  1.00000 

GAS  COST  PER  CUBIC  FOOT  .29200 

GAS  COST  ADJUSTMENT  PER  CUBIC  FOOT  .00000 

WINTER  GAS  RATE  MULTIPLIER  FOR  SUMMER  RATES  .00000 

STARTING  MONTH  FOR  SIMMER  GAS  RATE  0 
ENDING  MONTH  FOR  SUMMER  GAS  RATE  0 

AUXILIARY  FUEL  COST  PER  UNIT  .00000 
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BUILDING  3412  LOCAL  BOILER  (BARRACK  WO/MESS) 
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BOILER/HEATER  I DENT.  NO.  1 
MAXIMUM  OUTPUT,  BTU/HR  765000. 
ELECTRIC  ACCESSORIES,  KW  1. 
STEAM  ACCESSORIES,  BTU/HR  0. 


LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

20 

30 

40 

50 

60 

70 

80 

90 

100 


171000. 

257400. 

332100. 

405900. 

483300. 

562500. 

648000. 

730800. 

815400. 

900000. 


BOILER/HEATER  IDENT.  NO.  2 
MAXIMUM  OUTPUT,  BTU/HR  765000. 
ELECTRIC  ACCESSORIES,  KW  1. 
STEAM  ACCESSORIES,  BTU/HR  0. 


ENERGY  IN 
(BTU/HR  OR  KW) 


10 

20 

30 

40 

50 

60 

70 

80 

90 

100 


171900. 

257400. 

332100. 

405900. 

483300. 

562500. 

646200. 

730800. 

815400. 

900000. 
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PC-CUBE 


PAGE  NO 
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BUILDING  3412  LOCAL  BOILER  (BARRACK  WO /MESS) 


MONTH  DAY  TYPE 

12  3 


NUMBER  OF  EACH  DAY  TYPE  PER  MONTH 


JAN  23 

FEB  20 

MAR  21 

APR  22 

MAY  23 

JUN  20 

JUL  23 

AUG  22 

SEP  22 

OCT  23 

NOV  21 

DEC  22 


8  0 

8  0 

10  0 

8  0 

8  0 

10  0 

8  0 

9  0 

8  0 

8  0 

9  0 

9  0 


HEATING 


INPUT  ENERGY  LOADS  FOR  SYNTHETIC  LOADS  GENERATOR 
COOLING  ELECTRIC 


PROCESS 


PEAK 

LOAD 

PEAK 

LOAD 

DEMAND 

LOAD 

THOUSAND 

MILLION 

THOUSAND 

MILLION 

THOUSAND 

MONTH 

BTU/HR 

BTU 

BTU/HR 

BTU 

KILOWATT 

KWH 

JAN 

1292.0 

328.0 

.0 

.0 

.0 

.0 

FEB 

1292.0 

259.0 

.0 

.0 

.0 

.0 

MAR 

1292.0 

212.0 

.0 

.0 

.0 

.0 

APR 

646.0 

93.0 

.0 

.0 

.0 

.0 

MAY 

646.0 

93.0 

.0 

.0 

.0 

.0 

JUN 

646.0 

93.0 

.0 

.0 

.0 

.0 

JUL 

646.0 

93.0 

.0 

.0 

.0 

.0 

AUG 

646.0 

93.0 

.0 

.0 

.0 

.0 

SEP 

646.0 

93.0 

.0 

.0 

.0 

.0 

OCT 

646.0 

93.0 

.0 

.0 

.0 

.0 

NOV 

1224.0 

171.0 

.0 

.0 

.0 

.0 

DEC 

1292.0 

267.0 

.0 

.0 

.0 

.0 

TOTAL 

1888.0 

.0 

.0 

PEAK 

THOUSAND 

BTU/HR 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


LOAD 

MILLION 

BTU 


.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


.0 
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BUILDING  3412  LOCAL  BOILER  (BARRACK  WO/MESS) 

INPUT  LOAD  PROFILES 

HEATING  COOLING  ELECTRIC  PROCESS 


HOUR 

DAY  TYPE 

1  2 

3 

DAY  TYPE 

1  2 

3 

DAY  TYPE 

1  2 

3 

DAY  TYPE 

1  2 

3 

1 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

2 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

3 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

4 

.800 

.800 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

5 

.900 

.900 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

6 

1.000 

1.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

7 

.800 

.800 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

8 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

9 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

10 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

11 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

12 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

13 

.500 

.500 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

14 

.500 

.500 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

15 

.500 

.500 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

16 

.500 

.500 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

17 

.500 

.500 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

18 

.500 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

19 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

20 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

21 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

22 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

23 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

24 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

PROFILE  ADJUSTMENT  START  AND 
HEATING 


STOP  TIME,  NUMBER  OF  DAY  TYPES  TO  ADJUST  AND 
COOLING  ELECTRIC 


LIMIT  OF  RANDOM  VARIATION 
PROCESS 


START  HOUR  0  0 

END  HOUR  24  24 

NO  DAY  TYPES  2  2 

ADJUST  LIMIT  .30  .30 


0 

0 

0 

.00 


0 

0 

0 

.00 


HOURS  OF  AUXILIARY  FUEL  IN  EACH  MONTH 

000000000000 


M.4.6 
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PC -CUBE  VERSION  2.0.3 

BUILDING  3412  LOCAL  BOILER  (BARRACK  WO/MESS) 

SYSTEM  Cl  HEATING  AND  DOMESTIC  HW  LOADS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUME.,  1000  CU  FT  2777. 

PEAK  DAY  GAS  CONSUMP . ,  1000  CU  FT  15. 

ELECTRICAL  CONSUMPTION,  KWH  8650. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  2. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  8650. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  2. 


MID-PEAK  CONSUMPTION  KWH  °- 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  °- 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  °* 

SOLD  ELECTRICAL  POWER  KWH  °- 

AUXILIARY  FUEL  CONSUMPTION  °* 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

BOILER  OPERATING  HOURS 

BOILER  1  8499 

BOILER  2  15 1 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0 ■ 


**  TOTAL 


M.  4 . 7 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


MONTHLY  MAXI MUMS  AND  COUNT  OF  HOURS  THAT  COOLING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 

MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  HEATING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 

0.  0  0 
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MONTHLY  MAXI MUMS  AND  COUNT  OF  HOURS  THAT  ELECTRICAL  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

COUNT  OF 

COOLING 

LOAD 

HOURS 

JAN  0 

FEB  0 

MAR  0 

APR  0 

MAY  0 

JUN  0 

JUL  0 

AUG  0 

SEP  0 

OCT  0 

NOV  0 

DEC  0 
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PC-CUBE  VERSION  2.0.3 

BUILDING  3412  LOCAL  BOILER  (BARRACK  WO/MESS) 

ANNUAL  NUMBER  OF  HOURS  AT  10  PERCENT  INCREMENTS  OF  LOAD 


PAGE  NO.  9 


SYSTEM  Cl  HEATING  AND  DOMESTIC  HW  LOADS 


BLR 

0-10 

11-20 

21-30 

31-40 

41-50 

51-60 

61-70 

71-80 

81-90 

91-100 

TOTAL 

1 

0 

4701 

858 

968 

848 

527 

209 

86 

151 

151 

8499 

2 

0 

0 

0 

1 

28 

37 

85 

0 

0 

0 

151 
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PC-CUBE  VERSION  2.0.3 

BUILDING  3412  LOCAL  BOILER  (BARRACK  WO/MESS) 
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******************  PURCHASED  ELECTRICAL  ***************** 

GAS  GAS  ON-PK  ON-PK  MID-PK  MID-PK  OFF-PK  OFF-PK  AUX  AUX 

DEMAND  CONSUMP  DEMAND  CONSUMP  DEMAND  CONSUMP  DEMAND  CONSUMP  FUEL  FUEL 


MCF 

MCF 

KW 

THOU  KWH 

Cl 

1 

15. 

411. 

2. 

1. 

Cl 

2 

13. 

331. 

2. 

1. 

Cl 

3 

10. 

293. 

2. 

1. 

Cl 

4 

6. 

163. 

1. 

1. 

Cl 

5 

6. 

164. 

1. 

1. 

Cl 

6 

6. 

163. 

1. 

1. 

Cl 

7 

6. 

164. 

1. 

1. 

Cl 

8 

6. 

164. 

1. 

1. 

Cl 

9 

6. 

163. 

1. 

1. 

Cl 

10 

6. 

164. 

1. 

1. 

Cl 

11 

9. 

250. 

2. 

1. 

Cl 

12 

12. 

347. 

2. 

1. 

KW  THOU  KWH  KW  THOU  KWH  CONSUMP  HRS 

0.  0.  0.  0.  0.  0. 

0.  0.  0.  0.  0.  0. 

0.  0.  0.  0.  0.  0. 

0.  0.  0.  0.  0.  0. 

0.  0.  0.  0.  0.  0. 

o.  0.  0.  0.  0.  0. 

o.  0.  0.  0.  0.  0. 

0.  0.  0.  0.  0.  0. 

0.  0.  0.  0.  0.  0. 

o.  0.  0.  0.  0.  0. 

o.  0.  0.  0.  0.  0. 

0.  0.  0.  0.  0.  0. 
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BUILDING  3412  LOCAL  BOILER 

COOLING  COOLING 
DEMAND  CON SUMP 

TONS  TON-HRS 


PC -CUBE  VERSION  2.0.3 

(BARRACK  WO/MESS) 

HEAT  HEAT  ELECT  ELECT 

DEMAND  CONSUMP  DEMAND  CONSUMP 

MBH  MMBTU  KW  THOU  KWH 
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RECOVBL 

RECOVBL 

GEN 

SOLD 

HEAT 

HEAT 

ELECT 

ELECT 

USED 

UNUSED 

THOU  KWH 

THOU  KWH 

MMBTU 

MMBTU 

Cl 

1 

0. 

0. 

1292 

Cl 

2 

0. 

0. 

1292 

Cl 

3 

0. 

0. 

1292 

Cl 

4 

0. 

0. 

646 

Cl 

5 

0. 

0. 

646 

Cl 

6 

0. 

0. 

646 

Cl 

7 

0. 

0. 

646 

Cl 

8 

0. 

0. 

646 

Cl 

9 

0. 

0. 

646 

Cl 

10 

0. 

0. 

646 

Cl 

11 

0. 

0. 

1224 

Cl 

12 

0. 

0. 

1292 

330.  2.  1.  0.  0.  0. 

259.  2.  1.  0.  0.  0. 

213.  2.  1.  0.  0.  0. 

94.  1.  1.  0.  0.  0. 

94.  1.  1.  0.  0.  0. 

94.  1.  1.  0.  0.  0. 

94.  1.  1.  0.  0.  0. 

94.  1.  1.  0.  0.  0. 

94.  1.  1.  0.  0.  0. 

94.  1.  1.  0.  0.  0. 

172.  2.  1.  0.  0.  0. 

267.  2.  1.  0.  0.  0. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
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PC-CUBE  CENTRAL  HEATING  PLANT  ECO  RUN 


M.5.1 


PC -CUBE  VERSION  2.0.3 

CENTRAL  PLANT  3442  HEATING 

SYSTEM  Cl  PLANT  3442;  CENTRAL  HEATING  DISTRIBUTION  FOR  3400  BARRAC 


NUMBER  OF  SYSTEMS  1 
DIFFERENT  TYPE  GENERATORS  0 
DIFFERENT  TYPE  CHILLERS  0 
DIFFERENT  TYPE  BOILERS  OR  HEATERS  3 
NATURAL  GAS  HIGHER  HEATING  VALUE  1000. 
NATURAL  GAS  LOWER  HEATING  VALUE  951. 
AUXILIARY  FUEL 

AUXILIARY  FUEL  HEATING  VALUE  1. 
KILOWATT  DEMAND  BILLING  BASIS  (MINUTES)  15 
DEMAND  FACTOR*  (TIMES  HOURLY  KILOWATT  AVERAGE)  1.00 


GENERATOR  CHILLER 
SYSTEM  OPERATION  OPERATION 

ID  SCHEDULE  SCHEDULE 


PERCENTAGE 
PROCESS  HEAT 
DIRECT  FIRED 


DIRECT  FIRED 
PROCESS  HEAT 
EFFICIENCY 


Cl  0  1 


0. 


100. 


BOILER/HEATER  IDENTIFICATION  NUMBERS 


STEAM 

AF  PROC  TURB 
KEY  KEY  KEY 

0  0  0 


Cl  1230000000 

*  NOTE-  DEMAND  FACTOR  =  ESTIMATED  RATIO  OF  THE  MAXIMUM  DEMAND  THAT  WILL  BE  RECORDED 
DURING  THE  BILLING  PERIOD  TO  THE  MAXIMUM  HOURLY  DEMAND  COMPUTED. 
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AUX  FUEL  DESCRIPTION 

1. 


M.5.2 


PC-CUBE  VERSION  2.0.3 
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CENTRAL  PLANT  3442  HEATING 

Cl 

GENERATOR  SYSTEM  TYPE  0 

DAYTYPE  123  123  123  123 

GENERATOR  START  TIME  000 

GENERATOR  STOP  TIME  000 


ELECTRIC  COST  PER  KWH  .01370 

ELECTRIC  DEMAND  COST  PER  KW  1.78700 

MINIMUM  DEMAND  FRACTION  1.00000 

GAS  COST  PER  CUBIC  FOOT  .29200 

GAS  COST  ADJUSTMENT  PER  CUBIC  FOOT  .00000 

WINTER  GAS  RATE  MULTIPLIER  FOR  SIMMER  RATES  .00000 

STARTING  MONTH  FOR  SUMMER  GAS  RATI  0 
ENDING  MONTH  FOR  SUMMER  GAS  RATE  0 

AUXILIARY  FUEL  COST  PER  UNIT  .00000 
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CENTRAL  PLANT  3442  HEATING 


BOILER/HEATER  IDENT.  NO.  1 

MAXIMUM  OUTPUT,  BTU/HR  10000000. 

ELECTRIC  ACCESSORIES,  KW  8. 

STEAM  ACCESSORIES,  BTU/HR  0. 

LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

2436750 

20 

3667950 

30 

4732425 

40 

5784075 

50 

6887025 

60 

8015625 

70 

9208350 

80 

10413900 

90 

11619450 

100 

12825000 

BOILER/HEATER  IDENT.  NO.  2 
MAXIMUM  OUTPUT,  BTU/HR  10000000. 
ELECTRIC  ACCESSORIES,  KW  8. 
STEAM  ACCESSORIES,  BTU/HR  0. 


LOAD 


ENERGY  IN 
(BTU/HR  OR  KW) 


10 

2436750. 

20 

3667950. 

30 

4732425. 

40 

5784075. 

50 

6887025. 

60 

8015625. 

70 

9208350. 

80 

10413900. 

90 

11619450. 

100 

12825000. 
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CENTRAL  PLANT  3442  HEATING 


BOILER/HEATER  IDENT.  NO.  3 

MAXIMUM  OUTPUT,  BTU/HR  10000000. 

ELECTRIC  ACCESSORIES,  KW  0. 

STEAM  ACCESSORIES,  BTU/HR  0. 

LOAD  ENERGY  IN 

(BTU/HR  OR  KW) 


10 

2436750 

20 

3667950 

30 

4732425 

40 

5784075 

50 

6887025 

60 

8015625 

70 

9208350 

80 

10413900 

90 

11619450 

100 

12825000 

M.5.5 


PC-CUBE 


PAGE  NO. 


5 


CENTRAL  PLANT  3442  HEATING 


MONTH  DAY  TYPE 

12  3 


NUMBER  OF  EACH  DAY  TYPE  PER  MONTH 


INPUT  ENERGY  LOADS  FOR  SYNTHETIC  LOADS  GENERATOR 
COOLING  ELECTRIC 


PEAK 

LOAD 

PEAK 

LOAD 

DEMAND 

LOAD 

THOUSAND 

MILLION 

THOUSAND 

MILLION 

THOUSAND 

MONTH 

BTU/HR 

BTU 

BTU/HR 

BTU 

KILOWATT 

KWH 

JAN 

37651.0 

8840.0 

.0 

.0 

.0 

.0 

FEB 

37651.0 

7094.0 

.0 

.0 

.0 

.0 

MAR 

37651.0 

5905.0 

.0 

.0 

.0 

.0 

APR 

21294.0 

2894.0 

.0 

.0 

.0 

.0 

MAY 

21294.0 

2894.0 

.0 

.0 

.0 

.0 

JUN 

21294.0 

2894.0 

.0 

.0 

.0 

.0 

JUL 

21294.0 

2894.0 

.0 

.0 

.0 

.0 

AUG 

21294.0 

2694.0 

.0 

.0 

.0 

.0 

SEP 

21294.0 

2894.0 

.0 

.0 

.0 

.0 

OCT 

21294.0 

2894.0 

.0 

.0 

.0 

.0 

NOV 

35904.0 

4868.0 

.0 

.0 

.0 

.0 

DEC 

37228.0 

7296.0 

.0 

.0 

.0 

.0 

PEAK 

THOUSAND 

BTU/HR 


LOAD 

MILLION 

BTU 
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CENTRAL  PLANT  3442  HEATING 


INPUT  LOAD  PROFILES 


DAY 

1 

TYPE 

2 

3 

DAY 

1 

TYPE 

2 

3 

DAY 

1 

TYPE 

2 

3 

DAY 

1 

TYPE 

2 

3 

.700 

.700 

.000 

.300 

300 

.000 

.000 

.000 

.000 

.000 

.300 

.000 

.700 

.700 

.000 

.300 

300 

.000 

.000 

.000 

.000 

.000 

.300 

.000 

.700 

.700 

.000 

.300 

300 

.000 

.000 

.000 

.000 

.000 

.300 

.000 

.800 

.800 

.000 

.300 

300 

.000 

.000 

.000 

.000 

.000 

.300 

.000 

.900 

.900 

.000 

.300 

300 

.000 

.000 

.000 

.000 

.000 

.300 

.000 

1.000  1 

.000 

.000 

.300 

300 

.000 

.000 

.000 

.000 

.000 

.300 

.000 

.800 

.800 

.000 

.300 

300 

.000 

.000 

.000 

.000 

.000 

.300 

.000 

.700 

.700 

.000 

.300 

300 

.000 

.000 

.000 

.000 

.000 

.300 

.000 

.700 

.700 

.000 

.300 

300 

.000 

.000 

.000 

.000 

.000 

.300 

.000 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.300 

.000 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.300 

.000 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.300 

.000 

.500 

.500 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.300 

.000 

.500 

.500 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.300 

.000 

.500 

.500 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.300 

.000 

.500 

.500 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.300 

.000 

.  500 

.500 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.300 

.000 

.  500 

.700 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.300 

.000 

.700 

.700 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.300 

.000 

.  700 

.700 

.000 

.700 

.700 

.000 

.000 

.000 

.000 

.000 

.300 

.000 

.  700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.300 

.000 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.300 

.000 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.300 

.000 

.700 

.700 

.000 

.300 

.300 

.000 

.000 

.000 

.000 

.000 

.300 

.000 

PROFILE  ADJUSTMENT  START  AND  STOP  TIME,  NUMBER  OF  DAY  TYPES  TO  ADJUST  AND  LIMIT  OF  RANDOM  VARIATION 
HEATING  COOLING  ELECTRIC  PROCESS 

START  HOUR  °  1  0  ° 

END  HOUR  24  24  0 

NO  DAY  TYPES  2  2  0  _ 

ADJUST  LIMIT  .30  -30  -00  * u  ' 


HOURS  OF  AUXILIARY  FUEL  IN  EACH  MONTH 

0  0  0  0  0  0  0 
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CENTRAL  PLANT  3442  HEATING 

SYSTEM  Cl  PLANT  3442;  CENTRAL  HEATING  DISTRIBUTION  FOR  3400  BARRAC 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP . ,  1000  CU  FT  75554. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  432. 

ELECTRICAL  CONSUMPTION,  KWH  80504. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  16. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  80504. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  16. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

BOILER  OPERATING  HOURS 

BOILER  1  8760 

BOILER  2  1303 

BOILER  3  329 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


**  TOTAL  ** 


M.5.8 


MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  COOLING  LOAD  EXCEEDED  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


JAN 

0. 

0 

0 

FEB 

0. 

0 

0 

MAR 

0. 

0 

0 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

0. 

0 

0 

DEC 

0. 

0 

0 

MONTHLY  MAXIMUMS  AND  COUNT  OF  HOURS  THAT  HEATING  LOAD  EXCEED  iD  EQUIPMENT  CAPACITY 
SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 


JAN 

37651000. 

30 

31 

FEB 

37651000. 

750 

28 

MAR 

37651000. 

1446 

31 

APR 

0. 

0 

0 

MAY 

0. 

0 

0 

JUN 

0. 

0 

0 

JUL 

0. 

0 

0 

AUG 

0. 

0 

0 

SEP 

0. 

0 

0 

OCT 

0. 

0 

0 

NOV 

35904000. 

7326 

30 

DEC 

37228000. 

8046 

31 

M.5.9 
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SYSTEM  Cl 

MAXIMUM  LOAD  AT  HR  COUNT 
JAN  0. 

FEB  0. 

MAR  0. 

APR  0. 

MAY  0. 

JUN  0. 

JUL  0. 

AUG  0. 

SEP  0. 

OCT  0. 

NOV  0. 

DEC  0. 

COUNT  OF  COOLING  LOAD  HOURS 
JAN  0 

FEB  0 

MAR  0 

APR  0 

MAY  0 

JUN  0 

JUL  0 

AUG  0 

SEP  0 

OCT  0 

NOV  0 

DEC  0 


0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 


M.5.10 


PC -CUBE  VERSION  ! 

CENTRAL  PLANT  3442  HEATING 

ANNUAL  NUMBER  OF  HOURS  AT  10  PERCENT  INCREMENTS  OF  LOAD 
SYSTEM  Cl  PLANT  3442;  CENTRAL  HEATING  DISTRIBUTION  FOR  3400 


BLR 

0-10 

11-20 

21-30 

31-40 

41-50 

1 

0 

0 

1649 

2953 

593 

2 

338 

219 

204 

48 

28 

3 

47 

129 

2 

0 

0 

PAGE  NO.  10 

.0.3 


BARRAC 


51-60 

61-70 

71-80 

81-90 

91-100 

TOTAL 

350 

620 

465 

399 

1723 

8760 

24 

17 

9 

56 

360 

1303 

0 

0 

0 

0 

151 

329 
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CENTRAL  PLANT  3442  HEATING 


******************  PURCHASED  electrical  a**************** 


GAS 

GAS 

ON-PK 

ON-PK 

MID-PK 

MID-PK 

OFF-PK 

OFF-PK 

AUX 

AUX 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

FUEL 

FUEL 

MCF 

MCF 

KW 

THOU  KWH 

KW 

THOU  KWH 

KW 

THOU  KWH 

CONSUMP 

HRS 

Cl 

1 

432. 

11888. 

-16. 

10. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

2 

397. 

9360. 

16. 

7. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

3 

287. 

7812. 

16. 

6. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

4 

159. 

4317. 

16. 

6. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

5 

154. 

4360. 

16. 

6. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

6 

161. 

4318. 

16. 

6. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

7 

154. 

4360. 

16. 

6. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

8 

155. 

4360. 

16. 

6. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

9 

159. 

4317. 

16. 

6. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

10 

154. 

4360. 

16. 

6. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

11 

248. 

6576. 

16. 

6. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

12 

357. 

9527. 

16. 

7. 

0. 

0. 

0. 

0. 

0. 

0. 
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CENTRAL  PLANT  3442 

HEATING 

COOLING 

COOLING 

HEAT 

HEAT 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

TONS 

TON -HRS 

MBH 

MMBTU 

Cl 

1 

0. 

0. 

37651. 

8917. 

Cl 

2 

0. 

0. 

37651. 

7106. 

Cl 

3 

0. 

0. 

37651. 

5932. 

Cl 

4 

0. 

0. 

21294. 

2913. 

Cl 

5 

0. 

0. 

21294. 

2915. 

Cl 

6 

0. 

0. 

21294. 

2913. 

Cl 

7 

0. 

0. 

21294. 

2915. 

Cl 

8 

0. 

0. 

21294. 

2915. 

Cl 

9 

0. 

0. 

21294. 

2913. 

Cl 

10 

0. 

0. 

21294. 

2915. 

Cl 

11 

0. 

0. 

35904. 

4900. 

Cl 

12 

0. 

0. 

37228. 

7312. 

ELECT 

ELECT 

GEN 

SOLD 

RECOVBL 

HEAT 

DEMAND 

CONSUMP 

ELECT 

ELECT 

USED 

KW 

THOU  KWH 

THOU  KWH 

THOU  KWH 

MMBTU 

16. 

10. 

0. 

0. 

0. 

16. 

7. 

0. 

0. 

0. 

16. 

6. 

0. 

0. 

0. 

16. 

6. 

0. 

0. 

0. 

16. 

6. 

0. 

0. 

0. 

16. 

6. 

0. 

0. 

0. 

16. 

6. 

0. 

0. 

0. 

16. 

6. 

0. 

0. 

0. 

16. 

6. 

0. 

0. 

0. 

16. 

6. 

0. 

0. 

0. 

16. 

6. 

0. 

0. 

0. 

16. 

7. 

0. 

0. 

0. 

PAGE  NO. 


RECOVBL 

HEAT 

UNUSED 

h«4BTU 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
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APPENDIX  N 


DISTRIBUTION  LOSS  CALCULATIONS 
FOR  CENTRAL  PLANTS  5900  AND  6003 


JOB 


3  cxd  *2 


EMC  ENGINEERS,  INC. 

SHEET  NO. 

CALCULATED  BY 

LOc_ 

OF 

DATF 

•  Colorado  Springs  •  Atlanta  •  West  Germany 

OHFCKFD  RY 

DATE 

RCA!  F 

CZM71RAL  PLAfMT  ^0O  £  £003 


distribution  sysrgM  5400 

^.uRFA^F 

- — 


CVJ  Plp£<S  ARE  PVC  WITH  1*  URETH^R) £.  p CAW 

'^pefcMAl  row pf  cttu  « 7 7  C>.l£  Biw-  in/JP-.  ~0^2- 

C\sjS  T^MP=  4ETF  OwR  55  *F 

HW  PIPE^  ARE  £T££L  WITH  2*  £>p  CAUX  DM  SILICATE 

THeR/MAL  <&>WDOC7H/  IT7  -  P<«4-£  Biu., iN/^hVP  X  2."  -  CP.^Z- 

TEUMPp3oc>'F  HWR  TEMP  =  2LS0 *P 

DISTRIBUTION  syST^M  £<90 

same  a^JbiTioM  As  A  ecus  sxCbpt  no  hwn  €0>o3  provides 

lapsus  S’TEAPA. 

-flPETE'MP  FOI^  SfpAM  ^  24  3  ‘R  O&F  ATTAC#) 

-  <fOrO0E-MSAT&  QEJURrv; 


I 


N.  1 


CENTRAL  PLANT  6003 


STM 

CR 

(INCH.) 

(INCH.) 

X 

o 

z 

(FT.1_ 

(FT.) 

8 

10 

3 

210 

210 

6 

8 

2.5 

150 

150 

6 

6 

2.5 

150 

150 

5 

6 

2 

275 

275 

5 

5 

1.5 

150 

5 

5 

1.5 

150 

300 

3 

8 

2 

50 

50 

3 

4 

1.25 

1 ,750 

1,750 

3 

3 

2 

700 

3 

3 

1 

150 

850 

3 

2.5 

1.5 

75 

75 

3 

2 

1.25 

410 

3 

2 

1.25 

140 

550 

2 

3 

1 

150 

150 

2 

2.5 

1.25 

275 

275 

2 

Z 

1 

150 

150 

CENTRAL  PLANT  5900 


CWS/R 

HWS/R 

LENGTH 

TOTAL 

(INCH.) 

(INCH.) 

(FT-L 

(FT.) 

12 

8 

900 

12 

8 

800 

12 

8 

950 

2,650 

11 

9 

975 

11 

9 

200 

1,175 

10 

8 

325 

325 

10 

6 

1,075 

1,075 

8 

5 

1,050 

8 

5 

1,350 

8 

5 

1,225 

8 

5 

1,200 

4,825 

4 

350 

■■Eaul 
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foaming  took  place.  Foam  in  trenches  should  have  a  density  high 
enough  to  provide  a  parallel  compressive  strength  of  40  psi  (267 
kPa)  and  should  never  be  used  at  temperatures  over  240  to  250  °F 
(116  to  121°C),  or  210  °F  (99°C)  if  any  ground  moisture  is  pre¬ 
sent.  A  combination  of  water  and  temperature  above  210  F 
(99  °C)  quickly  destroys  the  urethane. 

Froth-pour  or  direct  spray  are  the  two  application  methods. 
For  froth-pour  techniques,  simple  forms  are  erected  to  contain 
the  foam,  which  has  a  final  density  of  about  2.0  to  2.5  lb/ft 
(32  to  40  kg/m3)  and  compressive  strength  after  24  hours  from 
25  to  40  psi  (172  to  275  kPa).  The  direct  spray  method  is  more 
rapid,  eliminates  the  need  for  side  forms,  and  usually  provides 
a  denser  material,  from  2.2  to  3.0  lb/ft3  (35  to  48  kg/m3),  with 
somewhat  greater  compressive  strength.  Voids  are  required  for 
expansion-contraction  movement  of  the  spray  material. 

INSULATED  PIPING  SYSTEM  DESIGN 
General  Considerations 


The  following  computation  methods  developed  by  the  Federal 
Construction  Council  (1975)  and  Kusuda  and  Powell  (1970)  pro¬ 
vide  a  steady-state  heat  transfer  analysis  of  simple  underground 
systems.  The  magnitude  of  error  depends  on  the  difference  bet¬ 
ween  the  chosen  parameters  (such  as  temperatures  and  thermal 
conductivity  of  surrounding  soil  and  insulation  materials)  and 
the  actual  values.  Since  the  earth  around  the  pipe  is  hetero¬ 
geneous,  its  thermal  properties  and  temperature  are  difficult  to 
define.  The  handbook  data  is  more  useful  for  a  consistent  com¬ 
parative  analysis  rather  than  for  absolute  accuracy  of  computa¬ 
tion.  Earth  temperatures  and  earth  thermal  conductivity  fac¬ 
tors  are  listed  immediately  after  the  computation  methods. 

Required  Data  for  Figure  1: 

d  -  depth  of  burial,  in.  (mm). 

r  =  radius  of  the  system  (to  the  exterior  surface  of  the  system), 
in.  (mm). 

Tc  =  earth  temperature,  °F  (°C). 

Ks  -  earth  thermal  conductivity,  Btu  •  in./h  •  ft2  •  °F  (W/m2  •  K). 

C  =  system  thermal  conductance,  Btu/h  •  °F  •  ft  (W/°C*m)  of 


An  underground  heat  or  chilled-water  distribution  piping 
system  should  provide  efficient  long-term  operation  (25  to  40 
years)  through  structural  soundness  and  protection  from  cor¬ 
rosion  and  other  deterioration.  To  achieve  this  goal,  it  is 
necessary  to  design  a  system  with  the  following  characteristics. 

1.  Protection  of  a  metallic  carrier  pipe  from  corrosion  by 
cathodic  protection  or  other  means. 

2.  An  insulation  of  the  required  thermal  efficiency  that  is 
durable  and  can  accommodate  expansion  of  the  piping 
system,  and  can  tolerate  occasional  contact  with  the  fluid  be¬ 
ing  piped  or  ground  water. 

3.  A  protective  casing  that  resists  ground  water  infiltration, 

mechanical  or  structural  damage,  and  corrosion,  as  well  as 
other  causes  of  deterioration.  . 

4  A  system  that  can  be  restored  to  its  original  condition  by  dry- 
*  ing  in  the  event  of  occasional  flooding,  or  limits  flooding 
to  one  pipe  length. 

HEAT  TRANSFER  COMPUTATIONS 

Heat  transfer  in  a  piping  system  is  not  related  to  the  load  factor 
and  can  be  a  large  part  of  the  total  load.  Several  factors  affect 
the  heat  transfer,  the  main  one  being  the  difference  between  earth 
and  fluid  temperatures.  For  example,  the  extremes  might  be  a 
6  in.  (150  mm)  insulated  400°F  (204 °C)  water  line  in  40°F  (4.4  C) 
earth  with  100  to  200  Btu/h. lin  ft  (96  to  192  W/m)  loss,  and 
a  6  in.  (150  mm)  uninsulated  55  °F  (12.8  °C)  chilled  water  return 
in  60 °F  (15.6 °C)  earth  with  10  Btu/h. lin  ft  (9.6  W/m)  gain. 
The  former  requires  analysis  to  determine  the  insulation  needs 
and  effect  on  the  total  heating  system;  the  latter  suggests  analysis 
and  insulation  needs  might  be  minimal.  Other  factors  that  af¬ 
fect  heat  transfer,  but  to  a  lesser  extent  than  soil  temperature 
are  (1)  depth  of  burial,  which  is  related  to  the  earth  temperature 

(2)  soil  conductivity,  which  is  related  to  moisture  content,  and 

(3)  distance  between  adjacent  pipes. 

There  are  several  methods  t6  compute  heat  gains  or  losses  in 
underground  piping  systems.  Since  the  heat  transfer  process  from 
underground  heat  distribution^systems  is  a  transient  phenom¬ 
enon,  the  best  method  is  a  computerized,  iterative  process  and 
finite  difference  or  finite  element  technique  that  calculates  ther¬ 
mal  conductivity  and  thermal  gradient  as  each  changes  with 
respect  to  the  other.  Sample  analytical  equations  are  available, 
however,  to  determine  pipe-ground  heat  exchange  under  steady- 
state  conditions.  Steady-state  calculations  for  a  one-pipe  system 
can  be  done  without  a  computer,  but  it  becomes  increasingly 
difficult  for  a  two-,  three-  or  fourpipe  system  unless  a  computer 
is  used. 


pipe. 

tj  —  temperature  of  fluid  being  distributed,  °F  (  C). 
r  leu  la  t  ions  ( Figure  I): 

/.  System  or  Pipe  Heat  Transfer  Factor: 


-L  I  +  J2_| 

k„  =  C  2n  Ks 
d 

or,  when  -  »  1 
r 


i  +JA- 

=  C  2nK 


2.  System  or  Pipe  Heat  Loss: 

C  =  Kp  (Tf  -  T0) 
equired  Data  for  Figure  2: 

dj  -  depth  of  burial.  Pipe  No.  1,  in.  (mm). 
d2  =  depth  of  burial,  Pipe  No.  2,  in.  (mm), 
rj  =  radius  of  the  system,  Pipe  No.  1,  in.  (mm). 

r2  =  radius  of  the  system,  Pipe  No.  2,  in.  (mm). 

Tg  =  earth  temperature,  °F  (°C). 

K  =  earth  thermal  conductivity,  Btu  •  in./h  •  ft2  •  °F  (W/m  •  K). 
C  =  system  thermal  conductance,  Btu/h*  °F«ft  (W/°C*m)  of 

r  -  temperature  of  fluid  being  carried  in  Pipe  No.  1,  °F  (°C). 

Tf 2  =  temperature  of  fluid  being  carried  in  Pipe  No.  2,  °F  (°C). 

a  =  center  distance  between  pipes  (No.  1  and  2),  in.  (mm). 


GROUND 

_ SURFACE _ 

-EXTERIOR  SURFACE  OF 
CONDUIT/INSULATING 
A  ENVELOPE 


LU_ 


Fig.  1  Heat  Loss  from  Single-Pipe  System 


N.  5 


12.5 


Heating  and  Cooling  From  a  Central  Plant 

GROUND 

SURFACE _ _ 


Fig.  2  Heat  Loss  from  Two-Pipe  System  with  Pipes 
in  Separate  Conduit/Envelope 


GROUND 


Calculations  (Figure  2): 


1.  Lei: 


P  u 


1  + 


12C, 

2nK< 


In 


P  12 

P2I 


1  + 


12  C2 
2nf(l 


In 


1  + 


12C, 
2 riCs 


In 


v 


a 2  +  (^1  +  d2)2 
a 2  +  (dx  S  d2)2 


a 2  +  (d  [  +  d2)2 
a 2  +  (d\  +  d2)2 


and 


A  =  P\2  Pi,  ~  P 11  P22 
2.  Pipe  Heat  Transfer  Factors: 

Kpi  =  Y  <P|2  -  Pn) 


and 


K, 


P2  =  Y  (1*21  -  p.l) 


3.  Equivalent  Pipe  Temperatures: 
Pn  Tn  -  P„  Tn 


and 


TP2  = 


"12  Jj2  ~~  ^22  '/l 

P.2  ~  Pi: 


°21  P/I  ~  Pjl  P/2 


P2,  "  P.1 


4.  P/pe  //ea/  Loss,  •ft  (W/m): 

Q\  =  ^?i  (Ppi  -  Pg) 

and 

Q2  =  *p2  (Pp2  -  Pg) 

Required  Data  for  Figure  3: 

d  =  depth  of  burial,  in.  (mm). 

r  =  radius  of  the  system  (to  the  exterior  surface  of  the  system), 
in.  (mm). 

Tg  ~  earth  temperature,  °F  (°C). 

Ks  =  earth  thermal  conductivity,  Btu/h  •  in. •  °F  (W/mm  •  °C). 
Ca  =  thermal  conductance  of  conduit  air  space,  Blu/h  •  °F  •  ft 
(W/°C«m)  of  pipe,  normally  3.0  (0.42). 


C|  =  thermal  conductance  of  Pipe  No.  1  plus  insulation, 
Btu/h  •  °F  •  ft  ( W/  °C  •  m)  of  pipe. 

C2  -  thermal  conductance  of  Pipe  No.  2  insulation, 
Btu/h .  °F  •  ft  (W/°C .  m)  of  pipe. 
tc  =  conduit  wall  thickness,  in.  (mm). 

Kc  =  conduit  wall  thermal  conductivity,  Btu/h  •  in.  (W/mm). 
Tn  -  temperature  of  fluid  being  carried  in  Pipe  No.  1,  °F  ( °C ). 
Tj2  =  temperature  of  fluid  being  carried  in  Pipe  No.  2,  °F  (°C). 

Calculations  (Figure  3): 


1.  Let: 


j_  j_  _L 

p,  C,  +  cu 

1  j_  j_ 

p2  c,  +  ca 

d 

or,  when  -  »  1 


2.  P/pe  Heat  Transfer  Factors: 
K  P0 

pl  Po  +  P|  +  P2 


and 


„  P2P0 

p0  +  p,  +  p2 

3.  Equivalent  Pipe  Temperatures: 


4.  P/pe  Heat  Loss: 

<2,  =  kp1  (Ppi  -  r0> 

xqnd 

N.6  Q2  =  KPi  Wpi  ~  Pc) 
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12.6 

EARTH  THERMAL  CONDUCTIVITY  FACTORS 

If  soil  type,  sieve  analysis,  density,  and  moisture  content  are 
known,  soil  conductivities  can  be  chosen  from  Table  9  of  Chapter 
23  of  the  1985  Fundamentals  Volume.  Otherwise,  the  follow¬ 
ing  earth  thermal  conductivity  factor  ( Ks )  in  Btu  •  in./h  •  ft2 .  °F 
(W/m2  •  K)  can  be  used  in  the  preceding  equations. 

The  values  listed  in  Table  2  are  averages  calculated  by  various 
researchers.  The  are  considered  accurate  enough  for  these 
calculation  methods.  Dry  soil  is  very  rare  in  most  parts  of  the 
United  States,  and  a  low  moisture  content  should  be  assumed 
only  where  it  can  be  proven  valid.  Values  of  10  to  12 
Btu  •  in./h .  ft2  •  °F  (0.14  to  0.17  W/m2  •  K)  are  commonly  used 
where  soil  moisture  content  is  not  known.  Because  moisture 
migrates  toward  chilled  pipe,  it  is  suggested  that  a  K T  factor  of 
15  (0.22)  be  used  as  an  average  value  for  these  types  of  systems. 

HEAT  LOSS  FROM  PIPES  IN 
NONCIRCULAR  SYSTEMS 

Many  underground  systems  install  non-circular  insulations  and 
casings  that  complicate  the  heat  transfer  analysis.  For  a  first 
order  assumption,  these  non-circular  systems  might  be  simplified 
by  an  equivalent  circular  envelope  concept.  The  assumed  cir¬ 
cular  structure  should  have  a  circumference  equal  to  the  total 
length  of  the  enclosing  sides  of  the  non-circular  structure.  The 
heat  loss  can  then  be  approximated  using  the  methods  described 
above.  An  additional  complication  arises  if  the  enclosing  struc¬ 
ture  is  of  two  different  materials  or  of  varying  thicknesses.  Find¬ 
ing  a  circular  conduit  of  equivalent  size  and  equivalent  conduc¬ 
tivity  is  more  difficult,  and  increases  the  potential  inaccuracy 
of  the  final  results. 

Among  other  methods  is  field  potential  plotting  or  heat  flux 
plotting.  This  involves  plotting  a  two-dimensional  system  of 
isotherms  and  adiabatics  intersecting  orthogonally  to  form,  in 
the  case  of  heat  flow  through  the  ground,  a  network  of  cur¬ 
vilinear  squares.  The  rate  of  heat  flow  between  isothermal  boun¬ 
daries  can  be  obtained  directly  from  the  network. 

None  of  the  suggested  calculation  procedures  except  that  of 
finite  differences  deals  with  the  transient  aspect  of  heat  transfer 
to  consider  the  changing  pipe,  climatic  and  soil  conditions.  The 
soil  temperature  data  to  be  used  for  the  calculations  of 
underground  systems  (Table  3)  are  important.  Although  it  is 
recommended  that  average  surface  temperatures  be  used  for  the 
calculations,  the  best  temperature  data  consistent  with  the  steady- 
state  heat  transfer  theory  are  the  average,  normal,  undisturbed 
earth  temperatures  surrounding  the  pipe. 

WATER  HAMMER  SURGE 

In  most  small  hot  water  or  chilled  water  systems,  the  poten¬ 
tial  for  excessive  surge  is  usually  negligible.  However,  the  designer 
should  be  aware  of  the  factors  contributing  to  an  excessive  surge, 
which  can  rupture  the  pipeline  or  damage  connected  equipment. 
These  factors  are:  unusually  long  pipelines,  more  like  transmis¬ 
sion  than  distribution  lines;  higher-than-normal  flow  velocities; 
high  operating  pressures;  rapid  valve  closing  operations;  air 
pockets  in  pipelines;  and  improper  filling  of  pipeline.  If  any  of 


Table  2  Soil  Conductivities 


Soil  Moisture 

Content,  Vo  by  weight  (mass) 

Conductivity,  Btu  •  in./h  •  ft2  •  °F 
(W/m2  •  K) 

Sand  Silt  Clay 

Low,  <4% 

21029) 

1  (0.14) 

1  (0.14) 

Medium,  4  to  20Vo 

LJ3  (1.87} 

9  (1.30) 

7  (1.01) 

High,  >20 Vo 

15  (2.16) 

15  (2.16) 

15  (2.16) 

N.7 


these  (or  particularly  a  combination  of  these)  are  present,  the 
severity  of  the  surge  must  be  ascertained  so  the  necessary  preven¬ 
tive  or  protective  measures  can  be  designed  into  the  system. 

Crocker  and  King  (1967),  Parmakian  (1963),  and  Streeter  and 
Wylie  (1967)  give  further  details  on  valve  operations,  pump  stop¬ 
page,  and  other  design  considerations.  In  a  steam  line,  (Crocker 
and  King  1967)  the  only  consideration  is  the  formation  of  ex¬ 
cessive  condensate.  To  prevent  surge,  the  line  should  be  pitch¬ 
ed,  preferably  in  the  direction  of  steam  flow,  at  least  1  in.  in 
50  ft  (1.67  mm/m),  and  trapped  often  enough  to  minimize 
condensate. 

PIPE  SYSTEM  MOVEMENT 

Thermal  Expansion  and  Contraction 

Thermal  expansion  and  contraction  cause  piping  systems  to 
move.  Similar  movement  can  also  occur  in  attached  machinery 
and  structures.  This  movement  must  be  accommodated  to  pre¬ 
vent  damage  to  structures  and  system  elements.  The  movement 
can  be  accommodated  by  using  the  inherent  flexibility  of  the 
piping  system  as  laid  out,  by  designing  loops  into  the  system 
where  needed,  by  expansion  joints,  or  by  special  couplings.  The 
method  or  devices  selected  depend  on  force  limitations,  available 
space,  installed  cost,  serviceability,  maintenance  cost,  length  of 
life,  and  type  of  system  selected. 

Couplings 

Many  systems  have  couplings  that  absorb  expansion  and  con¬ 
traction.  Elastomer-gasketed  couplings  or  those  applied  to 
grooved  end  pipe  are  commonly  used  in  systems  operating  within 
the  temperature  and  pressure  limits  of  the  elastomer  selected. 
When  these  are  used,  no  other  expansion  devices  are  needed. 
However,  pressure  can  force  these  joints  to  separate  longitudinal¬ 
ly  near  a  change  of  direction.  Controlling  this  movement  is 
discussed  in  the  section  “Pipe  Anchors!’ 

Inherent  Piping  Flexibility 

The  Code  for  Power  Piping  (ANS1/ASME  B31.1)  states  that 
thermal  expansion  and  contraction  should  be  provided  for  by 
pipe  bends,  elbows,  offsets,  or  changes  in  direction  of  the 
pipeline.  If  a  line  is  routed  with  enough  changes  of  direction 
to  provide  pipe  flexibility,  no  additional  accommodation  for  ex¬ 
pansion  is  needed.  For  long  straight  lines  of  pipe,  expansion 
loops  or  a  combination  of  loops  and  changes  of  direction  must 
be  added. 

Pipe  Bends  and  Loops 

In  the  simplest  case,  axial  movement  in  each  of  two  pipe 
segments  connected  through  a  90°  elbow  is  accommodated  by 
bending  in  each  segment  (Figure  4A).  The  addition  of  pipe 
segments  results  in  a  Z-bend  (Figure  4B),  and  ultimately  in  a 
loop  (Figure  4C).  Various  charts  and  calculation  methods  are 
available  to  simplify  the  design  of  these  three  basic  pipe  con¬ 
figurations.  It  is  important  that  the  method  selected  recognizes 
the  restraints  on  the  system.  For  complicated  piping  ar¬ 
rangements  in  a  two-plane  configuration,  many  commercial 
computer  programs  are  available  that  give  accurate  design  in¬ 
formation  such  as  stresses  and  deflections  at  any  point  in  the 
line,  as  well  as  anchor  forces. 

Stresses  on  the  pipe,  amount  of  pipe  movement,  anchor  forces, 
and  available  expansion  space  dictate  acceptable  design.  As  a 
general  rule,  anchor  forces  from  flexible  piping  systems  are  lower 
than  any  other  type  of  expansion  compensation.  It  is  impor¬ 
tant  to  provide  space  for  lateral  and  longitudinal  pipe  move- 


Table  3 


CHAPTER  12  HOT 

Average  Earth  Temperature  from  0  to  10  ft  (0  to  3  m)  Below  Surface  (Continued) 
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Location 

Maryland 
Massachusetts 
Boston 
Worcester 
Michigan 
Alpena 
Detroit  City 
Escanaba 
Grand  Rapids 
Minnesota 
Duluth 
Minneapolis 
Mississippi 
Missouri 
Kansas  City 
Saint  Louis 
Springfield 


Ohio 

Cincinnati 

Cleveland 

Columbus 

Toledo 

Oklahoma 

Oregon 

Baker 

Eugene 

Portland 

Pennsylvania 

Erie 

Philadelphia 
Pittsburgh 
Scranton 
Rhode  Island 
South  Carolina 
Charleston 
Columbia 
South  Dakota 


Winter 
°F  (°C) 

45  (  7.2) 


41  (  5.0) 
36  (  2.2) 

33  (  0.6) 
38  (  3.3) 
30  ( —  1.1) 
36  (  2.2) 

25  (-3.9) 
32  (  0.0) 
57  (13.9) 

44  (  6.7) 

45  (  7.2) 
45  (  7.2) 


Billings 

Butte 

Great  Falls 

35  (  1.7) 

27  (-2.8) 

34  (  1.1) 

Nebraska 

North  Platte 

Omaha 

Scotts  Bluff 

37  (  2.8) 

39  (  3.9) 

36  (  2.2) 

Nevada 

Las  Vegas 

Reno 

Winnemucca 

New  Hampshire 

56  (13.3) 

40  (  4.4) 

38  (  3.3) 

33  (  0.6) 

New  Jersey 

Atlantic  City 

Newark 

45  (  7.2) 

43  (  6.1) 

New  Mexico 
Albuquerque 

Raton 

Roswell 

46  (  7.8) 

38  (  3.3) 

51  (10.6) 

New  York 

Albany 

Buffalo 

New  York 

36  (  2.2) 

37  (  2.8) 
44  (  6.7) 

North  Carolina 
Asheville 

Raleigh 

North  Dakota 

48  (  8.9) 
51  (10.6) 
26  (-3.3) 

45  (  7.2) 

40  (  4.4) 

41  (  5.0) 

38  l  3.3JL 
50  (10.0) 

36  (  2.2) 

46  (  7.8) 
46  (  7.8) 

38  (  3.3) 
44  (  6.7) 
40  (  4.4) 
40  (  4.4) 

39  (  3.9)  . 

58  (14.4) 
56(13.3) 
32  (  0.0) 


Spring 
°F  (°C) 

49  (  9.4) 

44  (  6.7) 

40  (  4.4) 

37  (  2.8) 

43  (  6.1) 

35  (  1.7) 

40  (  4.4) 

30  (-1.1) 

37  (  2.8) 

61  (16.1) 

49  (  9.4) 

49  (  9.4) 

49  (  9.4) 

40  (  4.4) 

31  (-0.6) 

38  (  3.3) 

42  (  5.5) 

44  (  6.7) 

41  (  5.0) 

60  (15.6) 

44  (  6.7) 

42  (  5.5) 

38  (  3.3) 

49  (  9.4) 

47  (  8.3) 

50(10.0) 

42  (  5.5) 

54  (12.2) 

40  (  4.4) 

41  (  5.0) 
47  (  8.3) 

51  (10.6) 

55  (12.8) 
32  (  0.0) 

49  (  9.4) 
44  (  6.7) 
46  (  7.8) 

43  (  6.1) 
54  (12.2) 

40  (  4.4) 

48  (  8.9) 

49  (  9.4) 

42  (  5.5) 
48  (  8.9) 

44  (  6.7) 
44  (  6.7) 

43  (  6.1) 

61  (16.1) 
59  (15.0) 
37  (  2.8) 


Summer 
°F  (°C) 

65  (18.3) 


61  (16.1) 

58  (14.4) 

54  (12.2) 

60  (15.6) 

53  (11.7) 

58  (14.4) 

52  (11.1) 

60  (15.6) 

73  (22.  8) 

68  (20.0) 

67  (19.4) 

66  (18  .9) 

59  (15.0) 

50  (10.0) 

56  (13.3) 

62  (16.7) 

65  (18.3) 

60  (15.6) 

78  (25.6) 

58  (14.4) 

60  (15.6) 
56(13.3) 

63  (17.2) 

63  (17.2) 

67  (19.4) 

58  (14.4) 

69  (20.6) 

59  (15.0) 

58  (14.4) 

63  (17.2) 

64  (17.8) 

69  (20.6) 

56  (13.3) 

65  (18.3) 

61  (16.1) 

62  (16.7) 

60  (15.6) 

1  71  (21.7)  [ 

56  (13.3) 

59  (15.0) 

60  (15.6) 

58  (14.4) 
64  (17.8) 

61  (16.1) 
61  (16.1) 

59  (15.0) 

72  (22.2) 
72  (22.2) 

60  (15.6) 


Autumn 
°F  (°C) 

61  (16.1) 


57  (13.9) 

54  (12.2) 

50  (10.0) 

56  (13.3) 

49  (  9.4) 

54  (12.2) 

47  (  8.3) 

54  (12.2) 

70  (21.1) 

64  (17.8) 

63  (17.8) 

62  (16.7) 

55  (12.8) 

45  (  7.2) 

52  (11.1) 

57  (13.9) 

60  (15.6) 

56  (13.3) 

74  (23.3) 

55  (12.8) 

56  (13.3) 

52  (11.1) 

60(15.6) 

59  (15.0) 

63  (17.2) 

54  (12.2) 

66  (18.9) 

54  (12.2) 
54  (12.2) 
59  (15.0) 

61  (16.1) 
65  (20.0) 
50  (10.0) 

61  (16.1) 
57  (13.9) 
59  (15.0) 

56  (13.3) 
67  (19.4) 

52  (11.1) 
47  (  8.3) 

57  (13.9) 

55  (12.8) 
61  (16.1) 
57  (13.9) 
57  (13.9) 
56(13.3) 

70  (21.1) 
69  (20.6) 
55  (12.8) 


Annual 
°F  (°C)  1 

55  (12.8) 

51  (10.6) 
47  (  8.3) 


43  (  6.1) 

49  (  9.4) 

42  (  5.5) 

47  (  8.3) 

38  (  3.3) 

46  (  7.8) 

65  (18.3) 

56(13.3) 

56(13.3) 

56  (13.3) 

47  (  8.3) 

38  (  3.3) 

45  (  7.2) 

49  (  9.4) 

52  (11.1) 

48  (  8.9) 

67  (19.4) 

49  (  9.4) 

49  (  9.4) 

45  (  7.2Um| 

54  (12.2^» 

53  (11.7) 

57  (13.9) 

48  (  8.9) 
60(15.6) 

47  (  8.3) 

47  (  8.3) 

53  (11.7) 

56(13.3) 

60  (15.6) 

41  (  5.0) 

55  (12.8) 

51  (10.6) 
52(11-1) 

49  (  9.4) 

60  (15.6) 

46  (  7.8) 
52(11.1) 

53  (11.7) 

48  (  8.9) 

54  (12.2) 
51  (10.6) 
50  (10.0) 

49  (  9.4) 

65  (lfl| 
64  (1778) 
46  (  7.8) 


12.3 


Heating  and  Cooling  From  a  Central  Plant 

Table  I  Comparison  of  Commonly  Used  Insulations  in  Underground  Piping  Systems1* 


Calcium  Urethane  Cellular 

Item  Silicate  Foam  Glass 


Thermal  conductivity , 

Biu  •  in.  / It  -  •  h  •  1 

l"  INSULATION 

(\V  •  min ' m-  •  C) 

at  100  1(37  8  (  ) 

0. 13  (47.5) 

0  15  (21  (») 

O  3*3  (s<».2) 

at  200  1  (93.3  O 

0  17  pi. 11 

0  |7  (21  5) 

O  17  (1,7  7) 

ai  300  HI 48.9 i  ) 

1  (1  41  (5*3.0)  J 

0  (7*3  2) 

ai  400  1(204. 4  t  ) 

fl  IT)  (6A"7J 

O  M  r>2  2) 

Density,  lb  'll  \kg  up) 

10  14  U60-224) 

1.5  4  (24  64) 

‘3  10  (144  160) 

Max.  temperature,  1(C) 

1200  (64*3) 

260  (127) 

800  (427) 

Compressive  strength. 

psi  (Pa) 

75-165  (517-1117) 

20  5(1  ( 1  IS  14M 

1  OO  (6S*3) 

(ii  uo  compression 

5"(> 

5ut< 

Moisture  ahsoiption 

( ri  eat 

Sln-lil 

Nil 

E  licet  on  k  lac  lot 

1  a  tec 

Slight 

Slight 

Resistance  to  boiling 

Good 

Pool 

1  an 

Reeuvciy-dry  ing 

Good 

Pool 

Good 

Resistance  to  abrasion 

Fail 

1  ai: 

i  ,ui 

Resistance  to  vibiaiion 

1  an 

(  hH  id 

Pool 

Stability:  slu ink.  shock 

l  lOilil 

(  lOod 

1  an 

Combustible 

No 

Yes 

No 

l’n-1  untied  l  nose  luMilating  Hydrocarbon 

Glass  liber  Glass  I  iher  (mu  rite  Powder 

_____ 


2l»  ( 17  1) 

mm  2) 

.11  (17  M 

0  12  (46.1) 

0.6  4  (86.4  576) 

0.6  0.8  (86.4-1  15.2] 

7  (IS  112) 

2  1)  1.12  176) 

20  10  (320  480) 

45-55  (720-880) 

IIO  (JSH  200) 

1000  (5  IS) 

1  SOU  (  ‘38 2) 

300-450  (14*3-232) 

5  (14) 

0  (0) 

100- 150  (68*3  1034) 

70-85  (482-586) 
5°’u 

(a  eat 

( neat 

Moderate 

Moderate 

1  nice 

I  urge 

Slight 

1  arge 

(  IO  Oil 

( iood 

Good 

Poor 

Good 

( iood 

( iood 

Poor 

P  ool 

Nil 

Good 

Poor 

(  mod 

Pool 

i  an 

1  air 

\tclkllt 

1  vmllcnt 

( iood 

Good 

Yes 

No 

No 

Yes 

Hydrophobic 

Powder 


0  53-0.8  {  76.3-115.2) 
0.6  0.  81  (86.4-116.6) 
0.66-0.85  {95  1  22.4) 

35-65  (560-1040) 
500  (260) 

70-85  (482-586) 

sn 

Nil 

Slight 

Poor 

Poor 

Good 

Good 

Good 

No 


‘‘The  dcsciiptive  teuns  in  this  (able  ate  only  appioMiu.itioiis  bemuse  .my  insulation  aiul  the  ctiiuhiiu 
The  ihcimal  conduct  is ilic'>  lot  these  mauunls.  and  l*u  uteilune  to. mi  used  m  tin  uetuh,  aic  l*'i  dr. 
the  interstices  between  powdei  p.ti tides,  i lie  eventual  k  values  aie  dittuuli  to  esuinate 


utdet  vs  litv.li  it  is  used  vai> 

. im)  Suite  loam  may  absorb  giound  watei,  and  water  vapor  may  eventually  enter 


moisture  propagation  should  the  underground  piping  system 

outer  easing  break. 

Field-Fabricated  Systems 

In  these  systems,  the  carrier  pipe,  insulation,  and  casing  arc 
assembled  on-site  and  are  built  in  several  ways.  The  most  com¬ 
mon  design  consists  of  a  concrete  slab  base  with  embedded  sup¬ 
ports  for  the  insulated  pipe.  The  system  is  protected  by  hall- 
rounds  of  day  or  concrete  pipe  placed  over  the  carrier  pipe  and 
resting  on  the  slab.  Caulking  and  other  construction  methods 
prevent  ground  water  entrance.  1  he  slab  must  be  poured  to  grade, 
and  adequate  drainage  is  essential  to  minimize  corrosion  of  the 
carrier  pipes. 

Formed  insulation  placed  on  the  pipe  or  a  bulk  insulation 
placed  inside  the  casing  fill  as  much  of  the  system  around  the 
carrier  pipe  as  possible.  However,  bulk  insulation  may  restrict 
drainage  and  is  subject  to  wetting,  which  can  reduce  thermal 
efficiency  and  promote  corrosion.  A  second  type  of  system  tem¬ 
porarily  supports  the  assembled  pipe  oil  the  trench  bottom  to 
allow  the  application  of  insulation  and  waterproof  coverings  over 
the  insulation.  It  is  imperative  to  have  supplemental  drainage 
systems  outside  the  enclosed  pipe  structure  to  keep  ground  water 
away  from  the  structure. 

Poured  Envelope  Systems 

These  systems  are  constructed  by  assembling  the  pipe  in  the 
trench,  supporting  it  on  blocks  above  the  trench  bottom,  and 
then  pouring  the  insulation  material  into  the  trench  to  encase 
the  pipe  completely.  The  supporting  blocks  should  be  removed 
as  the  pouring  progresses  down  the  trench  to  achieve  complete 
encasement  and  to  prevent  concentrated  corrosion  at  the  point 
of  contact  with  the  pipe,  or  the  supports  must  be  bitumastic 
coated  to  prevent  capillarity  between  support  and  insulation. 
Poured  envelope  systems  are  initially  less  expensive  than  other 
types  of  systems. 

In  all  other  systems,  there  is  a  specific  barrier  to  the  entrance 
of  ground  water,  and  the  system  need  only  be  designed  and  in¬ 
stalled  properly  to  maintain  the  integrity  of  that  barrier.  Poured 
envelope  systems  depend  on  using  the  insulation  itself  as  a  water 
barrier.  In  low  temperature  applications,  poured  envelopes  may 
lose  thermal  efficiency  because  of  moisture  migration  and 
condensation. 

A  good  drainage  system  is  recommended  to  minimize  deterior¬ 
ation  of  the  insulating  quality.  The  four  types  of  envelope 


materials  are  (1)  insulating  concrete,  (2)  hydrocarbon  powder, 
(3)  hydrophobic  powder,  and  (4)  polyurethane  foam. 

Insulating  concrete  is  a  Portland  cement-bound,  lightweight 
aggregate  with  additives,  which  gives  the  designer  substantial 
latitude  in  selecting  the  desirable  degree  of  structural  strength 
and  thermal  efficiency.  This  system  resists  superimposed  loads 
and  gives  continuous  support  and  alignment  for  the  piping.  Con¬ 
crete  encasement  should  not  be  used  with  any  piping  system 
jointed  with  rubber  ring  couplings  because  the  concrete  may  in¬ 
terfere  with  rubber  ring  operation. 

In  welded  systems,  a  parting  agent  is  placed  around  the  pip¬ 
ing  to  allow  free  longitudinal  movement.  Anchors  are  steel  plates 
embedded  in  the  thickened  and  reinforced  concrete  base  slab 
and  welded  to  the  piping.  Expansion  voids  are  built  into  the  con¬ 
duit  at  corners  and  loops,  using  internal  blockouts  to  provide 
the  space  for  pipe  movements.  Anchoring  is  the  same  as  for  any 
other  welded  steel  system.  A  properly  designed  system  must  have 
internal  emergency  drains  and  vents  to  remove  accidental  and 
residual  construction  water  and  serve  as  leak  detectors. 

Any  crack  that  develops  in  the  concrete  endangers  the  entire 
system.  Once  ground  water  gets  to  the  pipe,  the  water  follows 
the  pipe-concrete  interface  and  can  eventually  cause  corrosion 
anywhere  along  the  pipeline. 

ll>drocarbon  powders  are  thermoplastic  materials  compos¬ 
ed  of  lightweight  aggregate  with  asphalt  binders.  These  can  be 
poured  directly  into  the  trench;  but  it  is  better  to  pour  the 
hydrocarbon  powders  over  a  structural  concrete  base  pad  with 
either  temporary  or  permanent  pipe  support.  A  continuous 
waterproof  membrane  covering  the  entire  system  keeps  water 
away  from  the  system.  These  materials  should  never  be  used  with 
any  rubber  ring  jointing  system  since  the  hydrocarbons  harm 
the  rubber  rings.  Provision  for  thermal  expansion  and  anchor¬ 
ing  should  be  the  same  as  for  other  welded  steel  systems.  Ex¬ 
pansion  is  limited  because  repeated  cycling  hardens  the  mass 
and  causes  additional  resistance  to  transverse  pipe  movements. 

Hydrophobic  powders  are  treated  to  be  water  repellent.  The 
non-wettability  characteristic  prevents  water  from  dampening 
the  powder,  causing  loss  of  thermal  efficiency.  The  installation 
methods  are  identical  for  hydrocarbon  powders,  except  that  com¬ 
paction  of  the  material  is  required  only  for  chilled  water  and 
cryogenic  applications. 

Polyurethane  foam  insulation  efficiency  may  vary  considerably 
over  a  long  time  span  with  the  amount  and  pressure  of  the 
moisture,  temperature,  age,  density,  and  cell  size.  Density  and 
cell  size  vary  with  the  control  of  conditions  under  which  the 
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Table  8 


Typical  Thermal  Conduclivily  (k)  for  Industrial  Insulations  al  Various  Mean  Temperatures  -  Design  Values*  ( Concluded ) 


Material 


Accepted  Typical  Typical  Conductivity  k  in  Btu  •  in/h  •  ft2  •  °F  at  Mean  Temp.,  °F 
Max.  Temp.  Density,  - — - 

for  Useb,  °F  lb/ft3  -  100  -75  -50  -25  0  25  50  75  100  200  300  500  700  900 


RIGID  POLYSTYRENE 
Extruded  (CFC-12  exp.) 

(smooth  skin  surface) 
Molded  beads 


RIGID  POLYURETHANE/ 
POLYlSQCYANURATEL,d 
Unfaced  (CFC-11  exp.) 

RIGID  POLY  ISOCYAN  URATEe 
Gas-impermeable  facers  (CFC-11  exp.) 
RIGID  PHENOLIC 
Closed  cell  (CFC-11,  CFC-113  exp.) 
RUBBER,  Rigid  Foamed 
VEGETABLE  AND  ANIMAL  FIBER 
Wool  felt  (pipe  insulation) _ 


165 

1.8-3. 5 

0.16 

0.16 

0.17 

0.16 

0.17 

0.18 

0.19 

0.20 

165 

1 

0.17 

0.19 

0.20 

0.21 

0.22 

0.24 

0.25 

0.26 

0.28 

1.25 

0.17 

0.18 

0.19 

0.20 

0.22 

0.23 

0.24 

0.25 

0.27 

1.5 

0.16 

0.17 

0.19 

0.20 

0.21 

0.22 

0.23 

0.24 

0.26 

1.75 

0.16 

0.17 

0.18 

0.19 

0.20 

0.22 

0.23 

0.24 

0.25 

2.0 

0.15 

0.16 

0,18 

0.19 

0.20 

0.21 

0.22 

0.23 

0.24 

210 

1.5-2. 5 

0.16 

0.17 

0.18 

0.18 

0.18 

o.n| 

M 

jo. 16 

0.17 

250 

2.0 

0.12 

0.13 

0.14 

0.15 

3.0 

0.11  ( 

3.1 15 

0.12  0.125 

150 

4.5 

0.20 

0.21 

0.22 

0.23 

180 

20 

0.28 

0.30 

0.31 

0.33 

z*  i  ajsomtioN 
Kf>=  O.OZO 
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INSULATING  CEMENTS 

MINERAL  FIBER  (Rock,  slag,  or  glass) 
With  colloidal  clay  binder 

With  hydraulic  setting  binder 

1800 

1200 

24-30 

30-40 

LOOSE  FILL 

Cellulose  insulation  (milled  pulverized 

2.5-3 

paper  or  wood  pulp) 

Mineral  fiber,  slag,  rock,  or  gl^ass 

2-5 

Perlite  (expanded) 

3-5 

Silica  aerogel 

7.6 

Vermiculite  (expanded) 

7-8.2 

4-6 

a Representative  values  for  dry  materials,  which  are  intended  as  design  (not 
specification)  values  for  materials  in  normal  use.  Insulation  materials  in  actual 
service  may  have  thermal  values  that  vary  from  design  values  depending  on  their 
in-situ  properties  (e.g.,  density  and  moisture  content).  For  properties  of  a  par¬ 
ticular  product,  use  the  value  supplied  by  the  manufacturer  or  by  unbiased  tests. 

bThese  temperatures  are  generally  accepted  as  maximum.  When  operating 
temperature  approaches  these  limits  follow  the  manufacturer  s  recommendations. 


From  Figure  6,  at  117.4  Btu/h*  ft2,  Rs  =  0.56.  The  mean  temperature  of 
the  mineral  fiber  block  is: 

4. 5/0.6  =  7.50;  7.50/2  =  3.75 

1100  -  [(3.75/8.69X1020)]  =  1100  -  440  =  660 °F 

and  the  mean  temperature  of  the  insulating  cement  is: 

0.5/0.79  =  0.63;  0.63/2  =  0.31;  7.50  +  0.31  -  7.81 
1100  -  [(7.81/8.69X1020)]  -  1100  -  917  =  183°F 

From  Table  8,  at  660 °F,  k]  -  0.60;  at  183  °F,  k 2  =  0.79. 

Since  Rs,  and  k2  do  not  change  at  these  values,  q,  =  117.4 
Btu/h- ft2. 

Example  9.  Compute  heat  loss  per  square  foot  of  outer  surface  of  in¬ 
sulation  if  pipe  temperature  is  1200°F  and  ambient  still  air  temperature 
is  80 °F.  The  pipe  is  nominal  6-in.  steel  pipe,  insulated  with  a  nominal  3-in. 
thick  diatomaceous  silica  as  the  inner  layer  and  a  nominal  2-in.  thick 
calcium  silicate  as  the  outer  layer. 

Solution :  From  Chapter  33  of  the  1988  EQUIPMENT  Volume,  r0  =  3.31 
in.  A  nominal  3-in.  thick  diatomaceous  silica  insulation  to  fit  a  nominal 
6-in.  steel  pipe  is  3.02  in.  thick.  A  nominal  2-in.  thick  calcium  silicate  in¬ 
sulation  to  fit  over  the  3.02-in.  diatomaceous  silica  is  2.08  in.  thick. 
Therefore,  r,  =  6.33  in.  and  rx  =  8.41  in. 

Assume  that  the  mean  temperature  of  the  diatomaceous  silica  is  600°F, 
the  mean  temperature  of  the  calcium  silicate  is  250°F  and  the  surface 
resistance,  Rs  is  0.50.  From  Table  8,  k{  -  0.66;  k2  =  0.42.  By  Equation 
(10)  from  Chapter  20: 

_ 1200  -  80 _ 

Qs  =  [g.4i  In  (6.33/3. 3t)/0.66]  +  [8.41  ln(8.41/6.33)/0.40]  +  0.50 


_ H20 _ 

“  (5.45/0.66)  +  (2.39/0.40)  +  0.50 


76.0  Btu/h  •  ft2 


0.49  0.55  0.61  0.73  0.85 
0.75  0.80  0.85  0.95 


0.26  0.27  0.29 
0.19  0.21  0.23  0.25  0.26  0.28  0.31 

0.22  0.24  0.25  0.27  0.28  0.30  0.31  0.33  0.35 

0.13  0.14  0.15  0.15  0.16  0.17  0.18 

0.39  0.40  0.42  0.44  0.45  0.47  0.49 

0.34  0.35  0.38  0.40  0.42  0.44  0.46 _ 

cSome  polyurethane  foams  are  formed  by  means  that  produce  a  stable  pro¬ 
duct  (with  respect  to  k)>  but  most  are  blown  with  refrigerant  and  will  change 
with  time. 

dSee  Table  4,  footnote  h. 
eSce  Table  4,  footnote  i. 


From  Figure  6,  at  76.0  Btu/h  -  ft2,  Rs  =  0.60.  The  mean  temperature  of 
the  diatomaceous  silica  is: 

5.45/0.66  =  8.26;  8.26/2  =  4.13 
1200  -  [(4.13/14.83)  (1120)]  =  1200  -  312  =  888°F 
and  the  mean  temperature  of  the  calcium  silicate  is: 

2.39/0.40  =  5.98;  5.98/2  =  2.99;  8.26  +  2.99  *  11.25 
1200  -  [(11.25/14.83)0120)]  =  1200  -  850  =  350°F 


From  Table  8,  kt  =  0.72;  k2  =  0.46.  Recalculating: 


_ H20 _ _ 

Qi  “  {5.45/0.72)  4-  (2.39/0.46)  +  0.60 


83.8  Btu/h  -  ft2 


From  Figure  6  at  83.8  Btu/h  •  ft2,  Rs  =  0.59.  The  mean  temperature  of 
the  diatomaceous  silica  is: 

5.45/0.72  =  7.57;  7.57/2  =  3.78 

1200  -  [(3.78/13.36)(1120)]  =  1200  -  317  -  883  °F 


and  the  mean  temperature  of  the  calcium  silicate  is: 

2.39/0.46  =  5.20;  5.20/2  -  2.60;  7.57  +  2.60  =  10.17 
1200  -  [(10.17/13.36)0120)]  =  1200  -  853  =  347°F 

From  Table  8,  k{  =  0.72;  k2  =  0.46.  Recalculating: 


_ H20 _ 

~  (5.45/0.72)  +  (2.39/0.46)  +  0.59 


83.8  Btu/h -ft2 


Since  Rs,  kiy  and  k2  do  not  change  at  83.8  Btu/h  -  ft2,  this  is  qs. 
The  heat  flow  per  ft2  of  the  inner  surface  of  the  insulation  is: 
qa  =  q,(r,/ra)  =  83.8(8.41/3.31)  =  213  Btu/h- ft2 


thermo  dynamic  pROpe^n^s-  op 

Table  1.  Saturation:  Temperatures 

Abs.  Pressure  Specific  Volume  Enthalpy  Entropy 


Abs.  Pressure 
Lb. 

Sq.  In.  In.  Hg. 

P 

11.526  23.467 


16.533  33.662 


Specific  Volume 

Sat.  Sat 

Liquid  Evap.  Vap< 

Vf  Vfg  Vg 

0.01663  33.62  33i 

0.01665  32.35  32.3 

0.01666  31.14  31.1 

0.01667  29.97  29.5 

0.01669  28.86  28.S 

0.01670  27.80  27.8 

0.01672  26.78  26.8 

0.01673  25.81  25.E 

0.01674  24.88  24.‘ 

0.01676  23.99  24.( 

0.01677  23.13  23.1 

0.01679  22.31  22.: 

0.01680  21.53  21.! 

0.01682  20.78  20.: 

0.01683  20.06  20.1 


230° 

20.780 

42.308 

0.01684 

19.365 

19.382 

232 

21.567 

43.911 

0.01686 

18.703 

18.720 

234 

22.379 

45.564 

0.01688 

18.067 

18.084 

236 

23.217 

47.269 

0.01689 

17.456 

17.473 

238 

24.080 

49.027 

0.01691 

16.869 

16.886 

240° 

24  96^ 

50.837 

0.01692 

16.306 

16.323 

J242 

"^8841 

52.701 

0.01694 

15.765 

15.782 

244 

26.827  1 

54.620 

0.01696 

15.245 

15.262 

im— 

77 1W 

56.597 

0.01697 

14.745 

14.762 

248 

28.797 

58.631 

0.01699 

14.265 

14.282 

250° 

29.825 

60.725 

0.01700 

13.804 

13.821 

262 

30.884 

62.880 

0.01702 

13.360 

13.377 

264 

31.973 

65.098 

0.01704 

12.933 

12.950 

266 

33.093 

67.378 

0.01705 

12.522 

12.539 

258 

34.245 

69.723 

0.01707 

12.127 

12.144 

260° 

35.429 

V  2.134 

0.01709 

11.746 

11.763 

262 

36.646 

74.612 

0.01710 

11.379 

11.396 

264 

37.897 

77.159 

0.01712 

11.026 

11.043 

266 

39.182 

79.775 

0.01714 

10.687 

10.704 

268 

40.502 

82.463 

0.01715 

10.359 

10.376 

270° 

41.858 

85.225 

0.01717 

10.044 

10.061 

272 

43.252 

88.062 

0.01719 

9.739 

9.756 

274 

44.682 

90.974 

0.01721 

9.446 

9.463 

276 

46.150 

93.963 

0.01722 

9.163 

9.181 

278 

47.657 

97.031 

0.01724 

8.891 

8.908 

280° 

49.203 

100.18 

0.01726 

8.628 

8.645 

282 

50.790 

103.41 

0.01728 

8.374 

8.391 

284 

52.418 

106.72 

0.01730 

8.129 

8.146 

286 

54.088 

110.12 

0.01732 

7.892 

7.910 

288 

55.800 

113.61 

0.01733 

7.664 

7,682 

290° 

57.556 

117.19 

0.01735 

7.444 

7.461 

292 

59.356 

120.85 

0.01737 

7.231 

7.248 

294 

61.201 

124.61 

0.01739 

7.025 

7.043 

296 

63.091 

128.46 

0.01741 

6.827 

6.844 

298 

65.028 

132.40 

0.01743 

6.635 

6.652 

300° 

67.013 

136.44 

0.01745 

6.449 

6.466 

302 

69.046 

140.58 

0.01747 

6.269 

6.287 

304 

71.127 

144.82 

0.01749 

6.096 

6.114 

306 

73.259 

149.16 

0.01751 

5.928 

5.946 

308 

75.442 

153.60 

0.01753 

5.766 

5.783 

Liquid  Evap.  Vapor 
hf  hfg  hg 
167.99  977.9  1145.9 
170.00  976.6  1146.6 
172.02  975.4  1147.4 
174.03  974.2  1148.2 
176.04  972.9  1148.9 

178.05  971.6  1149.7 
180.07  970.3  1150.4 
182.08  969.0  1151.1 

184.10  967.8  1151.9 

186.11  966.5  1152.6 

188.13  965.2  1153.4 
190.15  963.9  1154.1 

192.17  962.6  1154.8 

194.18  961.3  1155.5 
196.20  960.1  1156.3 

198.23  958.8  1157.0 
200.25  957.4  1157.7 
202.27  956.1  1158.4 
204.29  954.8  1159.1 
206.32  953.5  1159.8 

208.34  952.2  1160.5 
210.37  950.8  1161.2 
212.39  949.5  1161.9 
214.42  948.2  1162.6 
216.45  946.8  1163.3 

218.48  945.5  1164.0 
220.51  944.2  1164.7 
222.54  942.8  1165.3 
224.58  941.4  1166.0 
226.61  940.1  1166.7 

228.64  938.7  1167.3 
230.68  937.3  1168.0 
232.72  936.0  1168.7 
234.76  934.5  1169.3 
236.80  933.2  1170.0 

238.84  931.8  1170.6 
240.88  930.3  1171.2 
242.92  929.0  1171.9 
244.96  927.5  1172.5 
247.01  926.1  1173.1 

-249.06  924.7  1173.8 
251.10  923.3  1174.4 
253.15  921.8  1175.0 
255.20  920.4  1175.6 
257.26  918.9  1176.2 

259.31  917.5  1176.8 
261.36  916.0  1177.4 
263.42  914.6  1178.0 
265.48  913.1  1178.6 
267.53  911.6  1179.1 

269.59  910.1  1179.7 
271.66  908.6  1180.3 
273.72  907.2  1180.9 
275.78  905.6  1181.4 

277.85  904.1  1182.0 


Entropy 

Sat. 

Liquid  Evap.  \ 


0.2938  1.4824 
0.2969  1.4760 
0.2999  1.4697 
0.3029  1.4634 
0.3059  1.4571 


Sat.  Temp. 
Vapor  Fahr. 

Sg  t 

1.7762  200° 

1.7729  202 

1.7696  204 

1.7663  206 

1.7630  208 


0.3090  1.4508  1.7598 
0.3120  1.4446  1.7566 
0.3149  1.4385  1.7534 
0.3179  1.4323  1.7502 
0.3209  1.4262  1.7471 

0.3239  1.4201  1.7440 
0.3268  1.4141  1.7409 
0.3298  1.4080  1.7378 
0.3328  1.4020  1.7348 
0.3357  1.3961  1.7318 

0.3387  1.3901  1.7288 
0.3416  1.3842  1.7258 
0.3444  1.3784  1.7228 
0.3473  1.3725  1.7199 
0.3502  1.3667  1.7169 

0.3531  1.3609  1.7140 
0.3560  1.3551  1.7111 
0.3589  1.3494  1.7083 
0.3618  1.3436  1.7054 
0.3647  1.3379  1.7026 

0.3675  1.3323  1.6998 
0.3704  1.3266  1.6970 
0.3732  1.3210  1.6942 
0.3761  1.3154  1.6915 
0.3789  1.3099  1.6888 

0.3817  1.3043  1.6860 
0.3845  1.2988  1.6833 
0.3874  1.2933  1.6807 
0.3902  1.2878  1.6780 
0.3930  1.2824  1.6753 

0.3958  1.2769  1.6727 
0.3986  1.2715  1.6701 
0.4014  1.2661  1.6675 
0.4041  1.2608  1.6649 
0.4069  1.2554  1.6623 

0.4096  1.2501  1.6597 
0.4124  1.2448  1.6572 
0.4152  1.2395  1.6547 
0.4179  1.2343  1.6522 
0.4207  1.2290  1.6497 

0.4234  1.2238  1.6472 
0.4261  1.2186  1.6447 
0.4288  1.2134  1.6422 
0.4315  1.2083  1.6398 
0.4343  1.2031  1.6374 

0.4369  1.1980  1.6350 
0.4397  1.1929  1.6326 
0.4424  1.1878  1.6302 
0.4450  1.1828  1.6278 
0.4477  1.1777  1.6254 
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HEAT  LOSS  FROM  UNDERGROUND  TWO -PIPE  SYSTEM 

[ASHARE  1987  HVAC  SYSTEM,  CHAPTER  12,  PAGE  12.5) 

CENTRAL  PLANT  6003  Ft.  Sill,  OK  EMC  #3002.000 

Descriptions:  Q  CW  and  HW  pipes  [x ]  CW  and  Steam  pipes 


Tg  = 

50  °F 

Earth  temp,  (summer  =  71  °F;  winter  =  50°F) 

Ks  = 

13  Btu»h/h*ft2»°F 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h  «°F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.21  Btu/h *°F 

Pipe  2  thermal  conductivity  (cooling) 

Tfl  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

5  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

5  inch 

Radius  of  pipe  no.  2  (cooling) 

a  = 

34  inch 

Distance  between  2  DiDes 

Pipe  length 

= 

210  ft 

Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  40  Btu/h  »°F 

C2  =  40  Btu/h*°F 


Factors: 

P11  = 

22.44 

P12  = 

11.38 

P21  = 

11.38 

P22  = 

22.44 

Delta  = 

-374.08 

Pipe  heat  transfer  factors: 
Kpl  =  1.17 

Kp2  =  1.17 


Equivalent  pipe  temperature: 
Tpl  =  243  °F 

Tp2  =  243  °F 


Heat  loss  in  pipe,  Btu/h*ft 
Q1  =  226  Btu/h  *ft 

Q2  =  226  Btu/h  »ft 


Total  heat  loss  in  pipe  1  (heating)  =  47,409  Btu/h 

Total  heat  loss  in  pipe  2  (cooling)  =  47.409  Btu/h 


N.  13 


HEAT  LOSS  FROM  UNDERGROUND  TWO-PIPE  SYSTEM 

[ASHARE  1987  HVAC  SYSTEM,  CHAPTER  12,  PAGE  12.5] 


CENTRAL  PLANT  6003  Ft.  SiB,  OK  EMC  #  3002000 

Descriptions:  □  CW  and  HW  pipes  [x]  CW  and  Steam  pipes 


Tg  = 

50  °F 

Earth  temp,  (summer  =  71  °F;  winter  =  50°F) 

Ks  = 

13  Btu»h/h»ft2»°F 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h  »°F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.21  Btu/h «°F 

Pipe  2  thermal  conductivity  (cooling) 

Tfl  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

4  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

4  inch 

Radius  of  pipe  no.  2  (cooling) 

a  = 

32  inch 

Distance  between  2  Dioes 

Pipe  length 

= 

150  ft 

Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  40  Btu/h  «°F 

C2  = _ 40  Btu/h  »°F 


Factors: 

P11  = 

23.74 

P12  = 

11.73 

P21  = 

11.73 

P22  = 

23.74 

Delta  = 

-426,QS 

Pipe  heat  transfer  factors: 
Kpl  =  1.12 

Kp2  =  1.12 


Equivalent  pipe  temperature: 
Tpl  =  243  °F 

Tp2  =  243  °F 


Heat  loss  in  pipe,  Btu/h  •  ft 
Q1  =  215  Btu/h  »ft 

Q2  = _ 215  Btu/tvft 


Total  heat  loss  in  pipe  1  (heating)  = 
Total  heat  loss  in  pipe  2  (cooling)  = 


32.297  Btu/h 

32.297  Btu/h 


N.  14 


HEAT  LOSS  FROM  UNDERGROUND  TWO -PIPE  SYSTEM 

[ASHARE  1987  HVAC  SYSTEM.  CHAPTER  12,  PAGE  12.5] 


CENTRAL  PLANT  6003  Ft.  Sill,  OK  EMC  #  3002.000 

Descriptions:  Q  CW  and  HW  pipes  [x ]  CW  and  Steam  pipes 


Tg  = 

50  °F 

Earth  temp,  (summer  =  71  °F;  winter  =  50°F) 

Ks  = 

13  Btu»in/lvft2«0F 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h  *°F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.21  Btu/h  »°F 

Pipe  2  thermal  conductivity  (cooling) 

Tfl  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

3  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

3  inch 

Radius  of  pipe  no.  2  (cooling) 

a  = 

30  inch 

Distance  between  2  oiDes 

Pipe  length 

= 

150  ft 

Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  40  Btu/h  »°F 

C2  =  40  Btu/h »°F 


Factors: 

P11  = 

25.41 

P12  = 

12.09 

P21  = 

12.09 

P22  = 

25.41 

Delta  = 

Pipe  heat  transfer  factors: 
Kpl  =  1.05 

Kp2  =  1.05 


Equivalent  pipe  temperature: 
Tpl  =  243  °F 

Tp2  =  243  °F 


Heat  loss  in  pipe,  Btu/h*ft 
Q1  =  204  Btu/lTft 

Q2  =  204  Btu/h»ft 


Total  heat  loss  in  pipe  1  (heating)  =  30,542  Btu/h 

Total  heat  loss  in  pipe  2  (cooling)  =  30.542  Btu/h 


N.  15 


HEAT  LOSS  FROM  UNDERGROUND  TWO -PIPE  SYSTEM 

[ASHARE  1987  HVAC  SYSTEM,  CHAPTER  12,  PAGE  12.5] 


CENTRAL  PLANT  6003  Ft.  SiH,  OK  EMC  #  3002.000 

Descriptions:  □  CW  and  HW  pipes  fx~|  CW  and  Steam  pipes 


Tg  = 

50  °F 

Earth  temp,  (summer  =  71°F;  winter  =  50°F) 

Ks  = 

13  Btu*h/h*ft2*°F 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h  *°F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.21  Btu/h  *°F 

Pipe  2  thermal  conductivity  (cooling) 

Tfl  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling} 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

3  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

3  inch 

Radius  of  pipe  no.  2  (cooling) 

a  = 

30  inch 

Distance  between  2  Dioes 

Pipe  length 

= 

275  ft 

Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  40  Btu/h »°F 

C2  = _ 40  Btu/h*  °F 


Factors: 

P1 1  = 

25.41 

P12  = 

12.09 

P21  = 

12.09 

P22  = 

25.41 

Delta  = 

—499.51 

Pipe  heat  transfer  factors: 
Kpl  =  1.05 

Kd2  =  1.05 


Equivalent  pipe  temperature: 
Tpl  =  243  °F 

Td2  =  243  °F 


Heat  loss  in  pipe,  Btu/h -ft 
Q1  =  204  Btu/lvft 

Q2= _ 204  Btu/h»ft 


Total  heat  loss  in  pipe  1  (heating)  =  55,993  Btu/h 

Total  heat  loss  in  pipe  2  (cooling)  =  55.993  Btu/h 


N.  16 


HEAT  LOSS  FROM  UNDERGROUND  TWO-PIPE  SYSTEM 

[ASHARE  1987  HVAC  SYSTEM,  CHAPTER  12,  PAGE  12.5] 


CENTRAL  PLANT  6003  Ft.  Sill,  OK  EMC  #  3002.000 

Descriptions:  Q  CW  and  HW  pipes  [x]  CW  and  Steam  pipes 


Tg  = 

50  °F 

Earth  temp,  (summer  =  71°F;  winter  =  50°F) 

Ks  = 

13  Btu»in/h»ft2»°F 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h  *°F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.21  Btu/h  *°F 

Pipe  2  thermal  conductivity  (cooling) 

Tfl  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

2.5  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

2.5  inch 

Radius  of  pipe  no.  2  (cooling) 

a  = 

29  inch 

Distance  between  2  DiDes 

Pipe  length 

= 

300  ft 

Pipe  heat  loss: 
C  =  Kp  (Tf-Tg) 


Cl  = 
Q2  = 


40  Btu/h  *°F 
40  Btu/h  «°F 


Factors: 

P11  = 

26.47 

P12  = 

12.28 

P21  = 

12.28 

P22  = 

26.47 

Delta  = 

-549.79 

Pipe  heat  transfer  factors: 
Kpl  =  1.02 

Kd2  =  1,02 


Equivalent  pipe  temperature: 
Tpl  =  243  °F 

Tp2  =  243  °F 


Heat  loss  in  pipe,  Btu/h*ft 
Q1  =  197  Btu/h  »ft 

Q2  =  197  Btu/h  »ft 


Total  heat  loss  in  pipe  1  (heating)  = 


Total  heat  loss  in  pipe  2  (cooling)  = 


59.109  Btu/h 

59.109  Btu/h 


N.  17 


HEAT  LOSS  FROM  UNDERGROUND  TWO -PIPE  SYSTEM 

[ASHARE  1987  HVAC  SYSTEM,  CHAPTER  12,  PAGE  12.5] 


CENTRAL  PLANT  6003  Ft.  Sill,  OK  EMC  #  3002.000 

Descriptions:  1  |  CW  and  HW  pipes  I X  1 CW  aid  Steam  pipes 


Tg  = 

50  °F 

Earth  temp,  (summer  =  71  °F;  winter  =  50°F) 

Ks  = 

13  Btu*ii/h*ft2*°F 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h  *°F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.21  Btu/h  *°F 

Pipe  2  thermal  conductivity  (cooling) 

Tfl  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

4  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

4  inch 

Radius  erf  pipe  no.  2  (cooling) 

a  = 

32  inch 

Distance  between  2  DiDes 

Pipe  length 

= 

50  ft 

Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  40  Btu/h  *°F 

C2  =  40  Btu/h*  °F 


Factors: 

;  P1 1  = 

P12  = 

23.74 

11.73 

P21  = 

11.73 

P22  = 

23.74 

Delta  = 

-426,05 

Pipe  heat  transfer  factors: 
Kpl  =  1.12 

Kd2  =  1.12 


Equivalent  pipe  temperature: 
Tpl  =  243  °F 

Tp2  =  243  °F 


Heat  loss  in  pipe,  Btu/h*  ft 

Q1  =  215  Btu/h  *ft 

Q2  = 215  Btu/h  *ft 


Total  heat  loss  in  pipe  1  (heating)  = 
Total  heat  loss  in  pipe  2  (cooling)  = 


10.766  Btu/h 

10.766  Btu/h 


N.  18 


HEAT  LOSS  FROM  UNDERGROUND  TWO -PIPE  SYSTEM 

[ASHARE  1987  HVAC  SYSTEM,  CHAPTER  12,  PAGE  12.5] 

CENTRAL  PLANT  6003  Ft.  Sill,  OK  EMC  #  3002.000 

Descriptions:  CW  and  HW  pipes  [X]  CW  and  Steam  pipes 


Tg  = 

50  °F 

Earth  temp,  (summer  =  71°F;  winter  =  50°F) 

Ks  = 

13  Btu*ri/h*ft2*°F 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h  *°F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.21  Btu/h  *°F 

Pipe  2  thermal  conductivity  (cooling) 

Tfl  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  — 

243  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

4  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

4  inch 

Radius  of  pipe  no.  2  (cooling) 

a  = 

32  inch 

Distance  between  2  Dioes 

Pipe  length 

= 

1750  ft 

Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  40  Btu/h»°F 

C2  = _ 40  Btu/h*  °F 


WsSSk  :  fZ 

mam 

Pipe  heat  transfer  factors: 

Kpl  =  1.12 

Kd2  =  1.12 


Equivalent  pipe  temperature: 
Tpl  =  243  °F 

Tp2  =  243  °F 


Heat  loss  in  pipe,  Btu/h*ft 
Q1  =  215  Btu/h  *ft 

Q2=  215  Btu/h  »ft 


Total  heat  loss  in  pipe  1  (heating)  =  376,802  Btu/h 

Total  heat  loss  in  pipe  2  (cooling)  =  376.802  Btu/h 


N.  19 


HEAT  LOSS  FROM  UNDERGROUND  TWO -PIPE  SYSTEM 

[ASHARE  1987  HVAC  SYSTEM,  CHAPTER  12,  PAGE  12.5] 

CENTRAL  PLANT  6003  Ft.  Sill,  OK  EMC  #  3002.000 

Descriptions:  Q  CW  and  HW  pipes  [x]  CW  and  Steam  pipes 


Tg  = 

50  °F 

Earth  temp,  (summer  =  71  °F;  winter  =  50°F) 

Ks  = 

13  Btu»h/h»ft2»°F 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h  *°F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.21  Btu/h ‘’F 

Pipe  2  thermal  conductivity  (cooling) 

Tfl  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

1.5  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

1.5  inch 

Radius  of  pipe  no.  2  (cooling) 

a  = 

27  inch 

Distance  between  2  DiDes 

Pipe  length 

= 

850  ft 

Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  40  Btu/h  •°F 

C2  = 40  Btu/h«°F 


Factors: 

P1 1  = 

29.44 

P12  = 

12.69 

P21  = 

12.69 

P22  = 

29.44 

Delta  =  ...... 

-705.63 

Pipe  heat  transfer  factors: 
Kpl  =  0.94 

Kd2  =  0.94 


Equivalent  pipe  temperature: 
Tpl  =  243  °F 

Tp2  =  243  °F 

Heat  loss  in  pipe,  Btu/h*ft 
Q1  =  181  Btu/lvft 

Q2  = _ 181  Btu/h»ft 


Total  heat  loss  in  pipe  1  (heating)  =  154,054  Btu/h 

Total  heat  loss  in  pipe  2  (cooling)  =  154,054  Btu/h 


N.  20 


HEAT  LOSS  FROM  UNDERGROUND  TWO -PIPE  SYSTEM 

[ASHARE  1987  HVAC  SYSTEM,  CHAPTER  12,  PAGE  12.5] 

CENTRAL  PLANT  6003  Ft.  Sill,  OK  EMC  #  3002.000 

Descriptions:  Q  CW  and  HW  pipes  [Xj  CW  and  Steam  pipes 


Tg  = 

50  °F 

Earth  temp,  (summer  =  71°F;  winter  =  50°F) 

Ks  = 

13  Btu»h/h»ft2*°F 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h  «°F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.21  Btu/h  *°F 

Pipe  2  thermal  conductivity  (cooling) 

Tf  1  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

1.25  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

1.25  inch 

Radius  of  pipe  no.  2  (cooling) 

a  = 

26.5  inch 

Distance  between  2  pipes 

Pipe  length 

= 

75  ft 

Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  40  Btu/h  *°F 

C2  =  40  Btu/h  «°F 


Factors: 

P11  = 

30.50 

P12  = 

12.80 

P21  = 

12.80 

P22  = 

30.50 

Delta  = 

-766.43 

Pipe  heat  transfer  factors: 

Kpl  =  0.91 

Kp2  =  0.91 


Equivalent  pipe  temperature: 
Tpl  =  243  °F 

Tp2  =  243  °F 


Heat  loss  in  pipe,  Btu/h»ft 
Q1  =  176  Btu/h  »ft 

Q2  =  176  Btu/lrft 


Total  heat  loss  in  pipe  1  (heating)  =  13,227  Btu/h 

Total  heat  loss  in  pipe  2  (cooling)  =  13.227  Btu/h 


N.21 


HEAT  LOSS  FROM  UNDERGROUND  TWO-PIPE  SYSTEM 

[ASHARE  1987  H VAC  SYSTEM,  CHAPTER  12,  PAGE  12.5] 


CENTRAL  PLANT  6003  Ft.  Sill,  OK  EMC  #  3002.000 

Descriptions:  □  CW  and  HW  pipes  [x]  CW  and  Steam  pipes 


Tg  = 

50  °F 

Earth  temp,  (summer  =  71  °F;  winter  =  50°F) 

Ks  = 

13  Btu»in/h»ft2»0F 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h*°F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.21  Btu/h*°F 

Pipe  2  thermal  conductivity  (cooling) 

Tfl  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

1  inch 

Radius  erf  pipe  no.  1  (heating) 

r2  = 

1  inch 

Radius  of  pipe  no.  2  (cooling) 

a  = 

26  inch 

Distance  between  2  bioes 

Pipe  length  =  550  ft 


Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  40  Btu/h«°F 

C2  =  40  Btu/h«°F 


Factors: 

P11  = 

31.80 

P12  = 

12.91 

P21  = 

12.91 

P22  = 

31.80 

Delta  = 

-844.44 

Pipe  heat  transfer  factors: 

Kpl  =  0.89 

Kp2  =  0.89 


Equivalent  pipe  temperature: 
Tpl  =  243  °F 

Td2  =  243  °F 


Heat  loss  in  pipe,  Btu/h«ft 

Q1  =  171  Btu/lvft 

Q2=  171  Btu/h*ft 


HEAT  LOSS  FROM  UNDERGROUND  TWO -PIPE  SYSTEM 

[ASHAflE  1987  HVAC  SYSTEM,  CHAPTER  12,  PAGE  12.S] 

CENTRAL  PLANT  6003  Ft.  Sil,  OK  EMC#300Z000 

Descriptions:  Q  CW  and  HW  pipes  [x ]  CW  and  Steam  pipes 


Tg  = 

50  °F 

Earth  temp,  (summer  =  71  °F;  winter  =  50°F) 

Ks  = 

13  Btu»h/h»ft2»°F 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h  *°F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.21  Btu/h  *°F 

Pipe  2  thermal  conductivity  (cooling) 

Tf  1  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

1 .5  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

1 .5  inch 

Radius  of  pipe  no.  2  (cooling) 

a  = 

27  inch 

Distance  between  2  DiDes  . . 

Pipe  length 

= 

150  ft 

Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  40  Btu/h *°F 

C2  = 40  Btu/h«°F 


Factors: 

P11  = 

29.44 

PI  2  = 

12.69 

P21  = 

12.69 

P22  = 

29.44 

Delta  = 

-705.63 

Pipe  heat  transfer  factors: 
Kpl  =  0.94 

Ko2  =  0.94 


Equivalent  pipe  temperature: 
Tpl  =  243  °F 

Tp2  =  243  °F 


Heat  loss  in  pipe,  Btu/h  »ft 
Q1  =  181  Btu/lrft 

Q2  =  181  Btu/h«ft 


Total  heat  loss  in  pipe  1  (heating)  =  27,186  Btu/h 

Total  heat  loss  in  pipe  2  (cooling)  =  27.186  Btu/h 


N.  23 


HEAT  LOSS  FROM  UNDERGROUND  TWO -PIPE  SYSTEM 

[ASHARE  1907  HVAC  SYSTEM,  CHAPTER  12,  PAGE  12.5] 


CENTRAL  PLANT  6003 

Descriptions:  [^|  CW  and  HW  pipes 


FtSill,  OK  EMC # 3002000 
CW  and  Steam  pipes 


Tg  = 

50  °F 

Earth  temp,  (summer  =  71  °F;  winter  =  50°F) 

Ks  = 

13  Btu»in/h»ft2#0F 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h  *°F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.21  Btu/h  »°F 

Pipe  2  thermal  conductivity  (cooling) 

Tf  1  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

1 .25  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

1 .25  inch 

Radius  of  pipe  no.  2  (coding) 

a  = 

26.5  inch 

Distance  between  2  does 

Pipe  length 

275  ft 

Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  40  Btu/h «°F 

C2  = _ 40  Btu/h«°F 


Factors: 

P11  - 

30.50 

P12  = 

12.80 

P21  = 

12.80 

P22  = 

30.50 

Delta  = 

■Haaxal 

Pipe  heat  transfer  factors: 
Kpl  =  0.91 

Ko2  =  0.91 


Equivalent  pipe  temperature: 
Tpl  =  243  °F 

Tp2  =  243  °F 


Heat  loss  in  pipe,  Btu/h»ft 
Q1  =  176  Btu/h  *ft 

Q2  = _ 176  Btu/lvft 


Total  heat  loss  in  pipe  1  (heating)  =  48,498  Btu/h 

Total  heat  loss  in  pipe  2  (cooling)  =  48,498  Btu/h 


N.  24 


HEAT  LOSS  FROM  UNDERGROUND  TWO-PIPE  SYSTEM 

[ASHARE  1987  HVAC  SYSTEM,  CHAPTER  12,  PAGE  12.5] 


CENTRAL  PLANT  6003  Ft.  Sill,  OK  EMC  #  3002.000 

Descriptions:  Q  CW  and  HW  pipes  [X ]  CW  and  Steam  pipes 


Tg  = 

50  °F 

Earth  temp,  (summer  =  71  °F;  winter  =  50°F) 

Ks  = 

13  Btu»h/h»ft2*°F 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h  *°F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.21  Btu/h  «°F 

Pipe  2  thermal  conductivity  (cooling) 

Tfl  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

1  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

1  inch 

Radius  of  pipe  no.  2  (cooling) 

a  = 

26  inch 

Distance  between  2  pipes 

Pipe  length 

= 

150  ft 

Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  40  Btu/h  «°F 

C2  = 40  Btu/h»°F 


|2  •  I _ — 

Pipe  heat  transfer  factors: 

Kpl  =  0.89 

Kp2  =  0.89 


Equivalent  pipe  temperature: 
Tpl  =  243  °F 

Tp2  =  243  °F 


Heat  loss  in  pipe,  Btu/h  »ft 
Q1  =  171  Btu/h  *ft 

Q2  =  171  Btu/h»ft 


Total  heat  loss  in  pipe  1  (heating)  = 
Total  heat  loss  in  pipe  2  (cooling)  = 


25.622  Btu/h 

25.622  Btu/h 


N.  25 


HEAT  LOSS  FROM  UNDERGROUND  TWO -PIPE  SYSTEM 

[ASHARE  1987  HVAC  SYSTEM,  CHAPTER  12,  PAGE  12.5] 


CENTRAL  PLANT  6003  Ft.  Sill,  OK  EMC  #  3002.000 

Descriptions:  □  CW  and  HW  pipes  [ * ]  CW  and  Steam  pipes 


Tg  = 

71  °F 

Earth  temp,  (summer  =  71°F;  winter  =  50°F) 

Ks  = 

13  Btu»h/h*ft2«°F 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h  *°F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.08  Btu/h  •°F 

Pipe  2  thermal  conductivity  (cooling) 

Tfl  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

45  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

5  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

4  inch 

Radius  of  pipe  no.  2  (cooling) 

a  = 

33  inch 

Distance  between  2  pipes 

Pipe  length 

= 

210  ft 

Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  35  Btu/h  »°F 

C2  = _ -2  Btu/h  *°F 


1  *  ^ 

Pipe  heat  transfer  factors: 
Kpl  =  2.64 

Kd2  =  2.36 


Equivalent  pipe  temperature: 
Tpl  =  105.39  °F 

Td2  =  -167.2  °F 


Heat  loss  in  pipe,  Btu/h*ft 
Q1  =  91  Btu/h  »ft 

Q2=  -562  Btu/h»ft 


Total  heat  loss  in  pipe  1  (heating)  = 
Total  heat  loss  in  pipe  2  (cooling)  = 


19,056  Btu/h 
(11 7.9531  Btu/h 


N.  26 


HEAT  LOSS  FROM  UNDERGROUND  TWO -PIPE  SYSTEM 

[ASHARE  1987  HVAC  SYSTEM,  CHAPTER  12,  PAGE  12.5] 


CENTRAL  PLANT  6003 

Descriptions:  Qj  CW  and  HW  pipes 


FtSill,  OK  EMC  #  3002.000 
CW  and  Steam  pipes 


Tg  = 

71  °F 

Earth  temp,  (summer  =  71°F;  winter  =  50°F) 

Ks  = 

13  Btu*h/h»ft2»°F 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h  *°F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.08  Btu/h  *°F 

Pipe  2  thermal  conductivity  (cooling) 

Tfl  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

45  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

4  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

3  inch 

Radius  of  pipe  no.  2  (cooling) 

a  = 

31  inch 

Distance  between  2  DiDes 

Pipe  length 

= 

150  ft 

Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  35  Btu/h  »°F 

C2  = -2  Btu/h  *°F 


Factors: 

P11  = 

21.26 

P12  = 

0.43 

P21  = 

10.72 

P22  = 

-0.28 

Delta  = 

10.60 

Pipe  heat  transfer  factors: 

Kpl  =  2.36 

Ko2  =  2.07 


Equivalent  pipe  temperature: 
Tpl  =  124.01  °F 

Tp2  =  -156.3  °F 


Heat  loss  in  pipe,  Btu/h  »ft 
Q1  =  125  Btu/h  «ft 

Q2  =  -470  Btu/lvft 


Total  heat  loss  in  pipe  1  (heating)  =  18,784  Btu/h 

Total  heat  loss  in  pipe  2  (cooling)  =  (70.549)  Btu/h 


N.  27 


HEAT  LOSS  FROM  UNDERGROUND  TWO-PIPE  SYSTEM 

[ASHARE  1987  HVAC  SYSTEM,  CHAPTER  12.  PAGE  12.5] 


CENTRAL  PLANT  6003  Ft.  Sill,  OK  EMC  #  3002000 

Descriptions:  □  CW  and  HW  pipes  □  CW  and  Steam  pipes 


Tg  = 

71  °F 

Earth  temp,  (summer  =  71°F;  winter  =  50°F) 

Ks  = 

13  Btu»r/h»ft2»°F 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h  »0F 

Pipe  1  thermal  conductivity  pleating) 

kp2  = 

0.08  Btu/h  *°F 

Pipe  2  thermal  conductivity  (cooling) 

Tfl  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

45  °F 

Temp,  of  fluid  in  pipe  no.  2  (coding) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

3  inch 

Radius  erf  pipe  no.  1  (heating) 

r2  = 

3  inch 

Radius  of  pipe  no.  2  (cooling) 

a  = 

30  inch 

Distance  between  2  Dipes 

Pipe  length 

150  ft 

Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  35  Btu/h  «°F 

C2  =  -2  Btu/h*°F 


|  Factors: 

P11  = 

22.76 

P12  = 

0.42 

P21  = 

10.88 

P22  = 

-0.28 

Delta  = 

10.99. 

Pipe  heat  transfer  factors: 

Kpl  =  2.25 

Kd2  =  2.25 


Equivalent  pipe  temperature: 

Tpl  =  125.12  °F 

Tp2  =  -136.6  °F 


Heat  loss  in  pipe,  Btu/h  «ft 
Q1  =  122  Btu/h»ft 

Q2  =  -467  Btu/lrft 


Total  heat  loss  in  pipe  1  (heating)  = 
Total  heat  loss  in  pipe  2  (cooling)  = 


18,245  Btu/h 
f69.9791Btu/h 


N.  28 


HEAT  LOSS  FROM  UNDERGROUND  TWO -PIPE  SYSTEM 

[ASHARE  1987  HVAC  SYSTEM,  CHAPTER  12,  PAGE  12.5] 


CENTRAL  PLANT  6003 

Descriptions:  Q  CW  and  HW  pipes 


Ft.  SiU,  OK  EMC  #  3002.000 


CW  and  Steam  pipes 


Tg  = 

71  °F 

Earth  temp,  (summer  =  71°F;  winter  =  50°F) 

Ks  = 

13  Btu«in/h»ft2«0F 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h  «°F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.08  Btu/h «°F 

Pipe  2  thermal  conductivity  (cooling) 

Tfl  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

45  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

3  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

2.5  inch 

Radius  of  pipe  no.  2  (cooling) 

a  = 

29.5  inch 

Distance  between  2  DiDes 

Pipe  length 

= 

275  ft 

Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  35  Btu/h  *°F 

C2  = _ -2  Btu/h  «°F 


Factors: 

P11  = 

22.76 

P12  = 

0.41 

P21  = 

10.97 

P22  = 

-0.34 

Delta  = 

12.23 

Pipe  heat  transfer  factors: 
Kpl  =  2.16 

Kp2  =  2,00 


Equivalent  pipe  temperature: 
Tpl  =  134.4  °F 

Tp2  =  -139.3  °F 


Heat  loss  in  pipe,  Btu/h»ft 
Q1  =  137  Btu/h  «ft 

Q2=  -421  Btu/h  »ft 


Total  heat  loss  in  pipe  1  (heating)  =  37,736  Btu/h 

Total  heat  loss  in  pipe  2  (cooling)  =  f115.889)Btu/h 


N.  29 


HEAT  LOSS  FROM  UNDERGROUND  TWO -PIPE  SYSTEM 

[ASHARE  1987  HVAC  SYSTEM,  CHAPTER  12.  PAGE  12.5] 


CENTRAL  PLANT  6003 

Descriptions:  Q  CW  and  HW  pipes 


Ft.  SiH,  OK  EMC  #  3002.000 
g]  CW  and  Steam  pipes 


Tg  = 

71  °F 

Earth  temp,  (summer  =  71  °F;  winter  =  50°F) 

Ks  = 

13  Btu»in/h»ft2»0F 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h  «°F 

Pipe  1  thermal  conductivity  (heating) 

nr 

kp2  = 

0.08  Btu/h -°F 

Pipe  2  thermal  conductivity  (cooling) 

Tfl  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

45  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

2.5  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

2.5  inch 

Radius  of  pipe  no.  2  (cooling) 

a  = 

29  inch 

Distance  between  2  pipes 

Pipe  length 

= 

300  ft 

Pipe  heat  toss: 

C  =  Kp  (Tf-Tg) 

Cl  =  35  Btu/h*°F 

C2  --  -2  Btu/h  «°F 


Factors: 

P11  = 

23.70 

P12  = 

0.41 

P21  = 

11.06 

P22  = 

-0.34 

Delta  = 

12.53 

Pipe  heat  transfer  factors: 

Kpl  =  2.10 

Kp2  =  2.10 _ 


Equivalent  pipe  temperature: 
Tpl  =  135.01  °F 

Tp2  =  -128.2  °F 


Heat  loss  in  pipe,  Btu/h  •  ft 
Q1  =  134  Btu/h  »ft 

Q2  =  -418  Btu/h»ft 


Total  heat  loss  in  pipe  1  (heating)  =  40,295  Btu/h 

Total  heat  loss  in  pipe  2  (coolinot  =  (125.370\Btu/h 


N.  30 


HEAT  LOSS  FROM  UNDERGROUND  TWO-PIPE  SYSTEM 

[ASHARE  1987  HVAC  SYSTEM,  CHAPTER  12,  PAGE  12.5] 


CENTRAL  PLANT  6003 

Descriptions:  Q  CW  and  HW  pipes 


Ft.  Sill,  OK  EMC  #  3002.000 
~>^1  CW  and  Steam  pipes 


Tg  = 

71  °F 

Earth  temp,  (summer  =  71°F;  winter  =  50°F) 

Ks  = 

13  Btu*in/h»ft2»0F 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h  «°F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.08  Btu/h  *°F 

Pipe  2  thermal  conductivity  (cooling) 

Tf  1  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

45  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

2.5  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

2.5  inch 

Radius  of  pipe  no.  2  (cooling) 

a  = 

29  inch 

Distance  between  2  DiDes  j 

Pipe  length 

= 

50  ft 

Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  35  Btu/h*°F 

C2  = _ -2  Btu/h«°F 


Factors: 

P11  = 

23.70 

PI  2  = 

0.41 

P21  = 

11.06 

P22  = 

-0.34 

Delta  = 

12.53 

Pipe  heat  transfer  factors: 
Kpl  =  2.10 

Kd2  =  2.10 


Equivalent  pipe  temperature: 
Tpl  =  135.01  °F 

Td2  =  -128.2  °F 


Heat  loss  in  pipe,  Btu/h*ft 
Q1  =  134  Btu/h*ft 

Q2=  -418  Btu/h*ft 


Total  heat  loss  in  pipe  1  (heating)  =  6,716  Btu/h 

Total  heat  loss  in  pipe  2  (cooling)  =  (20.895)Btu/h 


N.  31 


HEAT  LOSS  FROM  UNDERGROUND  TWO -PIPE  SYSTEM 

[ASHARE  1987  HVAC  SYSTEM,  CHAPTER  12,  PAGE  12.5] 

CENTRAL  PLANT  6003  Ft.  SiH,  OK  EMC  #  3002.000 

Descriptions:  □  CW  and  HW  pipes  [x]  CW  and  Steam  pipes 


Tg  = 

71  °F 

Earth  temp,  (summer  =  71°F;  winter  =  50°F) 

Ks  = 

13  Btu»h/h»ft2»°F 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h  «°F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.08  Btu/h  *°F 

Pipe  2  thermal  conductivity  (cooling) 

Tf  1  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

45  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

2  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

1.5  inch 

Radius  of  pipe  no.  2  (cooling) 

a  = 

27.5  inch 

Distance  between  2  Dices 

Pipe  length 

= 

1750  ft 

Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  35  Btu/h  *°F 

C2  =  —2  Btu/h  *°F 


Factors: 

P11  = 

24.86 

P12  = 

0.39 

P21  = 

11.33 

P22  = 

-0.50 

Delta  = 

16.73 

Pipe  heat  transfer  factors: 
Kpl  =  1.87 

Kp2  =  1 .68 


Equivalent  pipe  temperature: 
Tpl  =  155.66  °F 

Td2  =  -120.8  °F 


Heat  loss  in  pipe,  Btu/h  »ft 
Q1  =  158  Btu/h  »ft 

Q2=  -322  Btu/h  »ft 


Total  heat  loss  in  pipe  1  (heating)  =  276,571  Btu/h 

Total  heat  loss  in  pipe  2  (cooling!  =  f564.345)Btu/h 


N.  32 


HEAT  LOSS  FROM  UNDERGROUND  TWO-PIPE  SYSTEM 

[ASHARE  1987  HVAC  SYSTEM,  CHAPTER  12,  PAGE  12.5] 

CENTRAL  PLANT  6003  Ft.  Sill,  OK  EMC  #  3002.000 

Descriptions:  QJ  CW  and  HW  pipes  0  CW  and  Steam  pipes 


Tg  = 

71  °F 

Earth  temp,  (summer  =  71°F;  winter  =  50°F) 

Ks  = 

13  Btu»h/h»ft2*°F 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h  *°F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.08  Btu/h ‘°F 

Pipe  2  thermal  conductivity  (cooling) 

Tf  1  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

45  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

1.5  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

1.5  inch 

Radius  of  pipe  no.  2  (cooling) 

a  = 

27  inch 

Distance  between  2  DiDes 

Pipe  length 

ZS, 

850  ft 

Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  35  Btu/h  •‘’F 

C2  = -2  Btu/h  *°F 


Factors: 

P11  = 

26.35 

P12  = 

0.39 

P21  = 

11.42 

P22  = 

-0.50 

Delta  = 

17.45 

Pipe  heat  transfer  factors: 
Kpl  =  1.78 

Kp2  =  1.78 


Equivalent  pipe  temperature: 

Tpl  =  156.35  °F 

Tp2  =  -106.5  °F 


Heat  loss  in  pipe,  Btu/h  *ft 
Q1  =  152  Btu/h  »ft 

Q2=  -316  Btu/lrft 


Total  heat  loss  in  pipe  1  (heating)  =  129,102  Btu/h 

Total  heat  loss  in  pipe  2  (cooling)  =  (268.485)Btu/h 


N.  33 


HEAT  LOSS  FROM  UNDERGROUND  TWO -PIPE  SYSTEM 

[ASHARE  1987  HVAC  SYSTEM,  CHAPTER  12.  PAGE  12.5] 

CENTRAL  PLANT  6003  Ft.  Sill,  OK  EMC  #  3002000 

Descriptions:  □  CW  and  HW  pipes  [*!]  CW  and  Steam  pipes 


Tg  = 

71  °F 

Earth  temp,  (summer  =  716F;  winter  =  50°F) 

Ks  = 

13  Btu*in/h»ft2»°F 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h  *°F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.08  Btu/h  *°F 

Pipe  2  thermal  conductivity  (cooling) 

Tfl  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

45  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

1.25  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

1.5  inch 

Radius  of  pipe  no.  2  (cooling) 

a  = 

26.75  inch 

Distance  between  2  DiDes 

Pipe  length  = 

75  ft 

Factors: 

P1 1  = 

27.29 

P12  = 

0.38 

P21  = 

11.47 

P22  = 

-0.50 

Delta  = 

17.9Q 

Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  35  Btu/h «°F 

C2  =  -2  Btu/h*°F 

Pipe  heat  transfer  factors: 
Kpl  =  1.73 

Kd2  =  1.84 


Equivalent  pipe  temperature: 
Tpl  =  156.7  °F 

Tp2  =  -98.5  °F 

Heat  loss  in  pipe,  Btu/h  »ft 
Q1  =  148  Btu/h  *ft 

Q2=  -312  Btu/h  «ft 


Total  heat  loss  in  pipe  1  (heating)  =  11,113  Btu/h 

Total  heat  loss  in  pioe  2  (cooling)  =  123.374)  Btu/h 


N.  34 


HEAT  LOSS  FROM  UNDERGROUND  TWO-PIPE  SYSTEM 

[ASHARE  1987  HVAC  SYSTEM,  CHAPTER  12,  PAGE  12.5] 

CENTRAL  PLANT  6003  Ft.  Sill,  OK  EMC  #  3002.000 

Descriptions:  Q  CW  and  HW  pipes  [X]  CW  and  Steam  pipes 


Tg  = 

71  °F 

Earth  temp,  (summer  =  71°F;  winter  =  50°F) 

Ks  = 

13  Btu»in/h»ft2»0F 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h  *°F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.08  Btu/h *°F 

Pipe  2  thermal  conductivity  (cooling) 

Tfl  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

45  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

1  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

1.5  inch 

Radius  of  pipe  no.  2  (cooling) 

a  = 

26.5  inch 

Distance  between  2  DiDes 

Pipe  length 

= 

550  ft 

Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  35  Btu/h  *°F 

C2  = _ -2  Btu/tv°F 


Factors: 

P11  = 

28.45 

P12  = 

0.38 

P21  = 

11.52 

P22  = 

-0.50 

Delta  = 

18.46 

Pipe  heat  transfer  factors: 
Kpl  =  1.67 

Ko2  =  1 .91 


Equivalent  pipe  temperature: 
Tpl  =  157.06  °F 

To2  =  -89.66  °F 


Heat  loss  in  pipe,  Btu/h*ft 
Q1  =  144  Btu/lvft 

Q2  =  -307  Btu/lvft 


Total  heat  loss  in  pipe  1  (heating)  =  79,109  Btu/h 

Total  heat  loss  in  pipe  2  (cooling)  =  (1 68.599)  Btu/h 


N.  35 


HEAT  LOSS  FROM  UNDERGROUND  TWO-PIPE  SYSTEM 

[ASHARE  1987  HVAC  SYSTEM,  CHAPTER  12,  PACE  12.5J 

CENTRAL  PLANT  6003  Ft.  Sill,  OK  EMC  #  3002.000 

Descriptions:  CW  and  HW  pipes  [Xf  CW  and  Steam  pipes 


Tg  = 

71  °F 

Earth  temp,  (summer  =  71  °F;  winter  =  50°F) 

Ks  = 

13  Btu*h/h»ft2*°F 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h  «°F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.08  Btu/h »°F 

Pipe  2  thermal  conductivity  (cooling) 

Tf  1  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

45  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

1.5  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

1  inch 

Radius  of  pipe  no.  2  (cooling) 

a  = 

26.5  inch 

Distance  between  2  oioes 

Pipe  length 

= 

150  ft 

Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  35  Btu/h «°F 

C2  = -2  Btu/h *°F 


Factors: 

P11  = 

26.35 

PI  2  = 

0.38 

P21  = 

11.52 

P22  = 

-0.62 

Delta  = 

20.68. 

Pipe  heat  transfer  factors: 
Kpl  =  1 .70 

Kd2  =  1.49 


Equivalent  pipe  temperature: 
Tpl  =  167.72  °F 

Tp2  =  -108.7  °F 


Heat  loss  in  pipe,  Btu/h  »ft 
Q1  =  165  Btu/h  «ft 

Q2  =  -268  Btu/h  »ft 


Total  heat  loss  in  pipe  1  (heating)  =  24,705  Btu/h 

Total  heat  loss  in  pipe  2  (cooling)  =  (40,212)Btu/fi 


N.  36 


HEAT  LOSS  FROM  UNDERGROUND  TWO-PIPE  SYSTEM 

[ASHARE  1987  HVAC  SYSTEM.  CHAPTER  12,  PAGE  12.5] 


CENTRAL  PLANT  6003 

Descriptions:  Q]  CW  and  HW  pipes 


Ft_Sill,  OK  EMC  #  3002.000 
CW  and  Steam  pipes 


Tg  = 

71  °F 

Earth  temp,  (summer  =  71°F;  winter  =  50°F) 

Ks  = 

13  Btu*in/h*ft2*°F 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h*  °F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.08  Btu/h*  °F 

Pipe  2  thermal  conductivity  (cooling) 

Tfl  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

45  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

1 .25  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

2  inch 

Radius  of  pipe  no.  2  (cooling) 

a  = 

27.25  inch 

Distance  between  2  pipes 

Pipe  length  = 

275  ft 

Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  35  Btu/h *°F 

C2  = _ -2  Btu/h*  °F 


Factors: 

P11  = 

27.29 

P12  = 

0.39 

P21  = 

11.37 

P22  = 

-0.41 

Delta  = 

15.53 

Pipe  heat  transfer  factors: 
Kpl  =  1.81 

Kp2  =  2.13 


Equivalent  pipe  temperature: 
Tpl  =  146.38  °F 

Tp2  =  -96.47  °F 


Heat  loss  in  pipe,  Btu/h  *ft 
Q1  =  136  Btu/h*ft 

Q2  =  -357  Btu/lvft 


Total  heat  loss  in  pipe  1  (heating)  =  37,440  Btu/h 

Total  heat  loss  in  pipe  2  (cooling)  =  (98.200)Btu/h 


N.  37 


HEAT  LOSS  FROM  UNDERGROUND  TWO-PIPE  SYSTEM 

[ASHARE  1987  HVAC  SYSTEM,  CHAPTER  12,  PAGE  12.5] 


CENTRAL  PLANT  6003  Ft.  Sili,  OK  EMC  #  3002.000 

Descriptions:  □  CW  and  HW  pipes  0  CW  and  Steam  pipes 


Tg  = 

71  °F 

Earth  temp,  (summer  =  71  °F;  winter  =  50°F) 

Ks  = 

13  Btu»h/h«ft2«°F 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h  *°F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.08  Btu/h  *°F 

Pipe  2  thermal  conductivity  (cooling) 

Tf  1  = 

243  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

45  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

1G0  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

1  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

1  inch 

Radius  of  pipe  no.  2  (cooling) 

a  = 

26  inch 

Distance  between  2  DiDes 

Pipe  length 

150  ft 

Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  35  Btu/h  *°F 

C2  = _ -2  Btu/h*°F 


Factors: 

P11  = 

28.45 

P12  = 

0.37 

P21  = 

11.61 

P22  = 

-0.62 

Delta  = 

21.95 

Pipe  heat  transfer  factors: 

Kpl  =  1.60 

Kp2  =  1 .60 _ 


Equivalent  pipe  temperature: 
Tpl  =  168.43  °F 

Tp2  =  -91.58  °F 


Heat  loss  in  pipe,  Btu/h  »ft 
Q1  =  155  Btu/lvft 

Q2  =  -259  Btu/h  *ft 


Total  heat  loss  in  pipe  1  (heating)  = 
Total  heal  loss  in  pipe  2  (cooling)  = 


23,311  Btu/h 

(38.898lBtu/h 


N.  38 


HEAT  LOSS  FROM  UNDERGROUND  TWO-PIPE  SYSTEM 

[ASHARE  1987  HVAC  SYSTEM,  CHAPTER  12,  PAGE  12.5] 

CENTRAL  PLANT  5900  Ft.  Sill,  OK  EMC  #  3002.000 

Descriptions:  [x] CW  and  HW  pipes  Q  CW  and  Steam  pipes 


Tg  = 

71  °F 

Earth  temp,  (summer  =  71°F;  winter  =  50°F) 

Ks  = 

13  Btu*in/lvft2«0F 

Earth  thermal  conductivity  ! 

kpl  = 

0.21  Btu/h  *°F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.08  Btu/h  *°F 

Pipe  2  thermal  conductivity  (cooling) 

Tfl  = 

300  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

45  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

4  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

6  inch 

Radius  of  pipe  no.  2  (cooling) 

a  = 

34  inch 

Distance  between  2  DiDes  j 

Pipe  length 

= 

2650  ft  | 

Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  47  Btu/h  »°F 

C2  = _ -2  Btu/h»°F 


Factors: 

P11  = 

27.98 

P12  = 

0.45 

P21  = 

13.32 

P22  = 

-0.07 

Delta  = 

8.05 

Pipe  heat  transfer  factors: 
Kpl  =  3.07 

Kd2  =  3.79 


Equivalent  pipe  temperature: 
Tpl  =  79.694  °F 

Tp2  =  -186.7  °F 


Heat  loss  in  pipe,  Btu/h  »ft 
Q1  =  27  Btu/h  *ft 

Q2  =  -976  Btu/h  *ft 


Total  heat  loss  in  pipe  1  (heating)  =  70,630  Btu/h 

Total  heat  loss  in  pipe  2  (cooling)  =  (2.586.405)  Btu/h 


N.  39 


HEAT  LOSS  FROM  UNDERGROUND  TWO -PIPE  SYSTEM 

[AS HARE  1987  HVAC  SYSTEM,  CHAPTER  12,  PAGE  12.5] 

CENTRAL  PLANT  5900  Ft.  Sill,  OK  EMC  #  3002.000 

Descriptions:  [x]  CW  and  HW  pipes  □  CW  and  Steam  pipes 


Tg  = 

71  °F 

Earth  temp,  (summer  =  71  °F;  winter  =  50°F) 

Ks  = 

13  Btu*h/h*ft2»°F 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h  »°F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.08  Btu/h  »°F 

Pipe  2  thermal  conductivity  (cooling) 

Tfl  = 

300  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

45  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barter  for  pipe  1 

d2  = 

100  inch 

Dept  of  barter  for  pipe  2 

rl  = 

4.5  inch 

Radius  of  pipe  no.  1  (heaing) 

r2  = 

5.5  inch 

Radius  erf  pipe  no.  2  (cooling) 

a  = 

34  inch 

Distance  between  2  Dioes 

Pipe  length 

= 

1175  ft 

Pipe  heat  loss: 

|  Factors: 

C  =  Kp  (Tf-Tg) 

P11  =  27.17 

Cl  =  47  Btu/h «°F 

P12  =  0.45 

C2  =  -2  Btu/h  *°F 

P21  =  13.32 

i:  " - - - - 

P22  =  -0.10 

Delta  =  8.71 

Pipe  heat  transfer  factors: 
Kpl  =  2.98 

Kd2  =  3.31 


Equivalent  pipe  temperature: 
Tpl  =  90.3  °F 

To2  =  -200.2  °F 

Heat  loss  in  pipe,  Btu/h  •  ft 

Q1  =  57  Btu/h  »ft 

Q2=  -897  Btu/h*ft 


Total  heat  loss  in  pipe  1  (heating)  = 
Total  heat  loss  in  pipe  2  (cooling)  = 


67,469  Btu/h 
H  .053.467)  Btu/h 


N.40 


HEAT  LOSS  FROM  UNDERGROUND  TWO-PIPE  SYSTEM 

[ASHARE  1907  HVAC  SYSTEM,  CHAPTER  12,  PAGE  12.5] 

CENTRAL  PLANT  5900  Ft.  Sill,  OK  EMC  #  3002.000 

Descriptions:  jx]  CW  and  HW  pipes  O  CW  and  Steam  pipes 


Tg  = 

71  °F 

Earth  temp,  (summer  =  71  °F;  winter  =  50°F) 

Ks  = 

13  Btu*in/h»ft2«0F 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h  «°F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.08  Btu/h  «°F 

Pipe  2  thermal  conductivity  (cooling) 

Tfl  = 

300  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

45  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

4  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

5  inch 

Radius  of  pipe  no.  2  (cooling) 

a  = 

33  inch 

Distance  between  2  Dices 

Pipe  length 

= 

325  ft 

Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  47  Btu/h»°F 

C2  = _ -2  Btu/h*°F 


Factors: 

P11  = 

27.98 

P12  = 

0.45 

P21  = 

13.52 

P22  = 

-0.13 

Delta  = 

9.58 

Pipe  heat  transfer  factors: 
Kpl  =  2.81 

Kp2  =  3.14 


Equivalent  pipe  temperature: 
Tpl  =  101.67  °F 

Tp2  =  -193.4  °F 


Heat  loss  in  pipe,  Btu/h»ft 
Q1  =  86  Btu/lvft 

Q2  =  -830  Btu/lrft 


Total  heat  loss  in  pipe  1  (heating)  =  27,965  Btu/h 

Total  heat  loss  in  pipe  2  (cooling)  =  (269.783)  Btu/h 


N.  41 


HEAT  LOSS  FROM  UNDERGROUND  TWO -PIPE  SYSTEM 

[ASHARE  1987  HVAC  SYSTEM,  CHAPTER  12,  PAGE  12.5] 

CENTRAL  PLANT  5900  Ft.  Sill,  OK  EMC  #  3002.000 

Descriptions:  [x]  CW  and  HW  pipes  □  CW  and  Steam  pipes 


Tg  = 

71  °F 

Earth  temp,  (summer  =  71°F;  winter  =  50°F) 

Ks  = 

13  Btu»h/h»ft2«°F 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h  »°F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.08  Btu/h »°F 

Pipe  2  thermal  conductivity  (cooling) 

Tfl  = 

300  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

45  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  erf  barrier  for  pipe  2 

rl  - 

3  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

5  inch 

Radius  of  pipe  no.  2  (coding) 

a  = 

32  inch 

Distance  between  2  Dioes 

Pipe  length 

= 

1075  ft 

Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  47  Btu/h  «°F 

C2  = _ —2  Btu/h *°F 


Factors: 

P11  = 

29.96 

P12  = 

0.44 

P21  = 

13.73 

P22  = 

-0.13 

Delta  = 

9.80 

Pipe  heat  transfer  factors: 
Kpl  =  2.70 

Kd2  =  3.45 


Equivalent  pipe  temperature: 
Tpl  =  102.59  °F 

Td2  =  -170.5  °F 

Heat  loss  in  pipe,  Btu/h  •  ft 
Q1  =  85  Btu/h  *ft 

Q2  =  -833  Btu/h  »ft 


Total  heat  loss  in  pipe  1  (heating)  =  91,660  Btu/h 

Total  heat  loss  in  pipe  2  (cooling)  =  (895,Q13)Btu/h 


N.42 


HEAT  LOSS  FROM  UNDERGROUND  TWO-PIPE  SYSTEM 

[ASHARE  1987  HVAC  SYSTEM,  CHAPTER  12,  PAGE  12.5] 

CENTRAL  PLANT  5900  Ft.  SiU,  OK  EMC  #  3002.000 

Descriptions:  [jTj  CW  and  HW  pipes  Q  CW  and  Steam  pipes 


Tg  = 

71  °F 

Earth  temp,  (summer  =  71°F;  winter  =  50°F) 

Ks  = 

13  Btu»h/h»ft2»°F 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h  *°F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.08  Btu/h  *°F 

Pipe  2  thermal  conductivity  (cooling) 

Tfl  = 

300  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

45  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

2.5  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

4  inch 

Radius  of  pipe  no.  2  (cooling) 

a  = 

30.5  inch 

Distance  between  2  Dipes 

Pipe  length 

= 

4825  ft 

Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  47  Btu/h  »°F 

C2  = _ -2  Btu/h»°F 


Factors: 

P11  = 

31.22 

P12  = 

0.42 

P21  = 

14.05 

P22  = 

-0.20 

Delta  = 

12.03 

Pipe  heat  transfer  factors: 
Kpl  =  2.41 

Kd2  =  2.97 


Equivalent  pipe  temperature: 
Tpl  =  125.74  °F 

Tp2  =  -163.6  °F 


Heat  loss  in  pipe,  Btu/h*ft 
Q1  =  132  Btu/lvft 

Q2  =  -697  Btu/h»ft 


Total  heat  loss  in  pipe  1  (heating)  =  636,245  Btu/h 

Total  heat  loss  in  pipe  2  (cooling)  =  (3.361 .829)  Btu/h 


N.  43 


HEAT  LOSS  FROM  UNDERGROUND  TWO -PIPE  SYSTEM 

[AS HARE  1987  HVAC  SYSTEM,  CHAPTER  12,  PAGE  12.5] 


CENTRAL  PLANT  5900  Ft.  SiH,  OK  EMC  #  3002.000 

Descriptions:  [x]  CW  and  HW  pipes  □  CW  and  Steam  pipes 


Tg  = 

71  °F 

Earth  temp,  (summer  =  71°F;  winter  =  50°F) 

Ks  = 

13  Btu»in/h*ft2»0F 

Earth  therms  conductivity 

kpl  = 

0.21  Btu/h  «°F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.08  Btu/h  *°F 

Pipe  2  thermal  conductivity  (coding) 

Tfl  = 

300  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

45  °F 

Temp,  of  fluid  in  pipe  no.  2  (coding) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

2  inch 

Radius  d  pipe  no.  1  (heating) 

r2  = 

4  inch 

Radius  d  pipe  no.  2  (cooling) 

a  = 

30  inch 

Distance  between  2  does 

Pipe  length 

= 

350  ft 

Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  47  Btu/h  *°F 

C2  = _ -2  Btu/h *°F 


|  Factors: 

P11  = 

32.76 

|  P12  = 

0.42 

P21  = 

14.16 

P22  = 

-0.20 

Delta  = 

12.31 

Pipe  heat  transfer  factors: 
Kpl  =  2.34 

Kd2=  3.14 


Equivalent  pipe  temperature: 

Tpl  =  126.39  °F 

Tp2  =  -149.1  °F 


Heat  loss  in  pipe,  Btu/h  »ft 
Q1  =  129  Btu/h  »ft 

Q2=  -692  Btu/h  »ft 


Total  heat  loss  in  pipe  1  (heating)  = 
Total  heat  loss  in  pipe  2  (cooling)  = 


45,282  Btu/h 
(242. 2341  Btu/h 
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HEAT  LOSS  FROM  UNDERGROUND  TWO -PIPE  SYSTEM 

[ASHARE  1987  HVAC  SYSTEM,  CHAPTER  12.  PAGE  12.5] 

CENTRAL  PLANT  5900  Ft.  Sid,  OK  EMC  #  3002000 

Descriptions:  [x]  CW  and  HW  pipes  [^]  CW  and  Steam  pipes 


Tg  = 

50  °F 

Earth  temp,  (summer  =  71°F;  winter  =  50°F) 

Ks  = 

13  Btu*in/h»ft2*°F 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h  »°F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.21  Btu/h  *°F 

Pipe  2  thermal  conductivity  (cooling) 

Tf  1  = 

300  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

300  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

4  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

4  inch 

Radius  of  pipe  no.  2  (cooling) 

a  = 

32  inch 

Distance  between  2  Dioes 

Pipe  length 

= 

2650  ft 

Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  51  Btu/h  *°F 

C2  = _ 51  Btu/h  «°F 


Factors: 

P11  = 

30.45 

P12  = 

14.89 

P21  = 

14.89 

P22  = 

30.45 

Delta  = 

-705.68 

Pipe  heat  transfer  factors: 
Kpl  =  1.13 

Kp2  =  1.13 


Equivalent  pipe  temperature: 
Tpl  =  300  °F 

Tp2  =  300  °F 


Heat  loss  in  pipe,  Btu/h*ft 
Q1  =  283  Btu/h  »ft 

Q2  =  283  Btu/h  »ft 


Total  heat  loss  in  pipe  1  (heating)  =  748,728  Btu/h 

Total  heat  loss  in  pipe  2  (cooling}  =  748.728  Btu/h 
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HEAT  LOSS  FROM  UNDERGROUND  TWO  -  PIPE  SYSTEM 

[ASHAfiE  1907  HVAC  SYSTEM,  CHAPTER  12,  PAGE  12.5] 


CENTRAL  PLANT  5900 


Descriptions: 


X 


CW  and  HW  pipes 


Ft.  Siii,  OK  EMC  #  3002. GOG 

H  CW  and  Steam  pipes 


Tg  = 

50  °F 

Earth  temp,  (summer  =  71°F;  winter  =  50°F) 

Ks  = 

13  Btu»in/h»ft2«°F 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h  «°F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.21  Btu/h  *°F 

Pipe  2  thermal  conductivity  (cooling) 

Tfl  = 

300  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

300  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

62  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

4.5  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

4.5  inch 

Radius  of  pipe  no.  2  (cooling) 

a  = 

33  inch 

Distance  between  2  Dices  . . 

Pipe  length 

= 

1175  ft 

r «  hi  j. ,  i  a* t,t 

,',1  i  '  '1  ■  L  J 

HHjfl^EEXgxi 

Li  *  *T^ 

Pipe  heal  transfer  factors: 


Kpl  = 
Kd2  = 

1.16 

1.16 

{Equivalent  pipe  temperature: 

Tpl  = 

300  °F 

Td2  = 

300  °F 

I 

|Heat  loss  in  pipe,  Btu/h  »ft 

\ 

Q1- 

290  Btu/h  »ft 

. . . ■ 

290  Btu/h  «ft 

Total  heat  loss  in  pipe  1  (heating)  =  340,333  Btu/h 

Total  heat  toss  in  pipe  2  (cooling)  =  340,333  Btu/h 
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HEAT  LOSS  FROM  UNDERGROUND  TWO-PIPE  SYSTEM  •  ?  a; 

[ASHAHE  1987  HVAC  SYSTEM,  CHAPTER  12,  PAGE  12.5]  '  ••  i.ny.  '.«>  -T.  -H. 

CENTRAL  PLANT,  5900  Ft.  Sil,  OK  EMC  #  3002000  ,j<j  ..  ; 

Descriptions:  [x] CW  and  HW  pipes  ,  I  1 CW  and  Steam  pipes  Ac- 


Tg  = 

50  °F 

Earth  temp,  (summer  =  71°F;  winter  =  50°F)  a- 

Ks  = 

13  Btu»in/h»ft2#0F  , 

. .  Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h «°F  ■ 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.21  Btu/h »°F 

Pipe  2  thermal  conductivity  (cooling)  < 

Tfl  = 

300  °F 

,  Temp,  of  fluid  in  pipe  no.  1  (heating)  , 

Tf2  = 

300  °F  -  <-***  ft.,  /  :"W 

,.  .  Temp,  of  fluid  in  pipe  no.  2  (cooling)  _  ■ 

dl  = 

100  inch  r  * 4  re 

.  Dept  of  barrier  for  pipe  1  - 

d2  = 

100  inch  i  -  , 

Dept  of  barrier  for  pipe  2  , 

rl  = 

4  inch  r  , 

Radius  of  pipe  no.  1  (heating) 

r2  = 

4  inch  c  •  i  c" 

Radius  of  pipe  no.  2  (cooling)  £  t  - 

a  = 

32  inch 

Distance  between  2  DiDes 

Pipe  length 

= 

325  ft 

Pipe  heat  loss:  ' 

Factors: 

f  1  .  ]  •  ;  4  ^ 

C  =  Kp  (Tf-Tg)  Z,  ,  ‘ 

P11  = 

30.45 

Cl  =  51  Btu/h «°F  ;• 

P12  = 

-  1 4.89 

fu  r-.. 

C2  =  51  Btu/h  «°F 

P21  = 

14.89 

■  V  '  / 

■*: . 

P22  = 

30.45 

:  r 

— 

Delta  = 

-705.68 

Pipe  heat  transfer  factors: 

.  . 

a/  ?  i-  .1 

Kpl  =  1.13 

j 

n  14  {'  *  ;  #  * 

Kd2  =  1.13 

jjT  ■■■  _..V 

Equivalent  pipe  temperature: 

Tpl  =  300  °F 

Tp2  =  300  °F 


Heat  loss  in  pipe,  Btu/h  »ft 
Q1  =  283  Btu/h  «ft 

Q2  =  283  Btu/lrft 


Total  heat  loss  in  pipe  1  (heating)  =  91 ,825  Btu/h 

Total  heat  loss  in  pipe  2  (cooling)  =  91 .825  Btu/h 
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HEAT  LOSS  FROM  UNDERGROUND  TWO -PIPE  SYSTEM 

[AS HARE  1987  HVAC  SYSTEM,  CHAPTER  12,  PAGE  12.51 


CENTRAL  PLANT  5900  OK  EMC  #  3002.000 

Descriptions:  [x]  CW  and  HW  pipes  [_|  CW  and  Steam  pipes 


Tg  = 

50  °F 

Earth  temp,  (summer  =  71  °F;  writer  =  50°F) 

Ks  = 

13  Btu»er;/h*ft2*c'F 

Earth  thermal  conductivity 

'kpl  = 

0.21  Btu/h 8  °F 

Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.21  Btu/h  *°F 

Pipe  2  thermal  conductivity'  (cooling) 

Tfl  = 

300  °F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

300  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

3  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

3  inch 

Radius  of  pipe  no.  2  (cooling) 

a  = 

30  inch 

Distance  between  2  Dioes  .  _ 

Pipe  length 

1  = 

1075  ft 

Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  51  Btu/h  a°F 

C2  =  51  Btu/h  8  °F 


Factors: 

P11  - 

32.62 

P12  = 

15.37 

P21  = 

15.37 

P22  = 

32.82 

Delta  *  . 

-827.94 

Pipe  heat  transfer  factors: 

Kpl  =  1.07 

Kd2  =  1.07 


Equivalent  pipe  temperature: 
Tpl  =  300  °F 

Tp2  =  300  °F 


Heat  loss  in  pipe,  Btu/h»ft 
Q1  =  267  Btu/lvft 

Q2  =  267  Btu/h  «ft 


Total  heat  loss  in  pipe  1  (heating)  =  287,017  Btu/h 

Total  heat  loss  in  pipe  2  (cooling)  =  287,017  Btp/h - j 
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HEAT  LOSS  FROM  UNDERGROUND  TWO -PIPE  SYSTEM  ‘  * 

[ASHARE  1987  HVAC  SYSTEM.  CHAPTER  12,  PAGE  12.5]  f  '  '  '  l; 

CENTRAL  PLANT  S900  Ft.  Sill,  OK  EMC  #  3002.000 

Descriptions:  [X]  CW  and  HW  pipes  '  □  CW  and  Steam  pipes 


HEAT  LOSS  FROM  UNDERGROUND  TWO -FIFE  SYSTEM 

[ASHARE  1987  HVAC  SYSTEM,  CHAPTER  12,  PAG  E  12.5] 


CENTRAL  PLANT  5909 
Descriptions:  [x ]  CW  and  HW  pipes  ,r* 


Ft.  SHI,  OK  EMC  #  300.2,000 
2]  CW  and  Steam  pipes 


Tg  = 

50  °F  “  ' 

Earth  temp,  (summer  =  71°F;  winter  =  50°F) 

Ks  = 

13  Btu8jn/h®ft2cT 

Earth  thermal  conductivity 

kpl  = 

0.21  Btu/h*°F 

v  Pipe  1  thermal  conductivity  (heating) 

kp2  = 

0.21  8tu./h*°F 

Pip?!  2  thermal  conductivity  (cooling) 

Tf  1  = 

300  °F 

??Temp.  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

300  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1  t 

d2  = 

100  inch 

Dept  of  barter  for  pipe  2 

rl  = 

2  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

2  inch 

Radius  of  pipe  no.  2  (cooling) 

a  = 

28  inch 

Distance  between  2  pipes 

Pipe  length 

= 

350  ft  S 

Pipe  heat  transfer  factors: 
Kpl  =  0.99 

Kn2  =  0.99 


Equivalent  pipe  temperature: 
Tpl  =  300  °F 

Tp2  =  300  °F 

Heat  loss  in  pipe,  Btu/h»ft 
Q1  =  249  Btu/h*ft 

Q2  = 249  Btu/heft 


Total  heat  loss  in  pipe  f 
Total  heat  loss  in  pipe  2 
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HEAT  LOSS  FROM  UNDERGROUND  TWO-PIPE  SYSTEM 

[ASHARE  1987  HVAC  SYSTEM,  CHAPTER  12,  PAGE  12.5]  V  r 


j  !  YX;i 

r!;  • -iV  •  V  ■  ■  H«,  vr.  j 


CENTRAL  PLANT-  5900  A 

Descriptions:  [x]  CW  and  HW  pipe's 


i •:  Ft  Silj(  OK  EMC  #  30021000"*  X  • 

fr~|;CW  and  Steanrrptpes  -VJ* 


V  ’ll ) 


Tg  = 

®'"“t  »  v  >  -t. 

:  Earth  temp,  (summer  =  71  °F;  winter  =  50°F)  -  t 

Ks  = 

13  Btu»infll*ft2»°F  * 

"  Earth  thermal  cohdufctivity  r-  t.?;  f 

kpl  = 

0.08  '3 

•  r  Pipe  1  thermal  conductivity  (heatingj);  :  * 

kp2  = 

008  Btu/h  '  ' 

PipeE  thermal  conductivity  (codling)  ' 

Tfl  = 

'45>  0F-'”!;  ’  <- 

*  Temp*  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

45  *F:  X  f  ' 

u  Temp;  of  fluid  in  pipe  no.  2  (cooling^  ^ 

dl  = 

100  inch  r :  m:  o 

i-Tfiv ;  Dept  of  barrier  for  pipe  1  it:X' 

d2  = 

100  inch  '5  3..-"  - 

:em  Deptof  barrier  for  pipe  2  r.  .v.i  0  -  i 

rl  = 

6  inchJnrp  5:1;  ■’  .-.r 

x.,,  L  Radius  of  pipe  no.  1  (heating):  a  1 

r2  = 

6  inch  ”!;o  T-'  i,  jn 

eslr.  «  Radius  of  pipe  no.  2  (cooling)  3;  i; . 

a  = 

36  inch . 

-v.  .f. :  y  Distance  between  2  pipes  I:*.  L _ -- 

Pipe  length 

= 

2650  ft  *  GTi 

Pipe  heat  loss: 

'  Xi*** *  -tf: 

Factors: 

-0.07 

C  =  Kp  (Tf-Tg)  !IT?8; 

-  " 

\  -1 

P1 1  = 

Cl  =  -2  Btu/h»°F 

P12  = 

0.47 

C2  =  -2  Btu/h^F 

'.5'  • 

P21  = 

•  0.47, 

rt 

P22  = 

-0.07 

. 8  l 

Delta  = 

0.22 

Pipe  heat  transfer  factors: 
Kpl  =  -5.21 

Kd2  =  -5.21 


Equivalent  pipe  temperature: 
Tpl  =  45  °F 

Tp2  =  45  °F 


Heat  loss  in  pipe,  Btu/h  »ft 
Q1  =  135  Btu/lvft 

Q2  =  135  Btu/h*ft 


.  i'W 


Total  heat  loss  in  pipe  1  (heating}^5 
Total  heat  loss  in  pipe  2  (coolindV^ 


358,639' Btu/h  t  ui:;; 
358.639  Btu/h  •'  a,  i 


»* 

S? 


"=iroi  iseiiT 
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HEAT  LOSS  FROM  UNDERGROUND  ;TWO^-PlltE  SYSTEM  ;  >$  ..  uOrr, 

[ASHARE  1987  HVAC  SYSTEM,  CHAPTER  12,  PAGE  12.5]  ..  .. 

CENTRAL  PLANT  £900  ,  Ft.  Sill,  OK  EMC  #  3Q02.fi00  n 

Descriptions:  * f>f}  CW  and  HVV  pipes VV-Q  CW  and  Steam  pipes ; 


Tg  = 

Ks  =  1 

kpl  =  O.C 

kp2  =  O.C 

Tfi  = 

Tf2  = 

dl  =  1C 

d2  =  1C 

rl  =  5 

r2  =  5 

a  =  C 

Pipe  length  - 


71  °F  •  , 

13  Btu*in/h»ft2*0F 
0.08  Btu/h^F  „ 

0.08  Btu/h»°F 
45  °F  '  , 

.1.45  °f-  .... 

100  inch  , 

100  inch  ~Z.r 
5.5  inch-.  ,*  r. 
5.5  inch  :  - 

35  inch  ~ 


Earth  temp,  (summer  =  71  °F;  winter  =  50°F) 
,  '  n  Earth  thermal  conductivity, 
f  Pipe  1  thermal  conductivity  (Seating) 

Pipe  2  thermal  conductivity  (cooling) 

'  .  .  Temp,  of  fluid  in  pipe  no.  1  (heating) 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

Dept  of  barrier  for  pipe  1  . 

Dept  of  barrier  for  pipe  2 
?1  ptedius  of  pipe  no.  1  (heating) 

.,  /,  ^Radius  of  pipe  no.  2  (cooling) 

Distance  between  2  pipes  .  _ _ 

“1175  ft  *  , 


Pipe  heat  loss: 

C  =  Kp  (Tf— Tg)  -  :  . 

Cl  =  -2  Btu/h*°F 

C2=  -2  Btu/h»°F 


Pipe  heat  transfer  factors: 

Kpl  =  -5.70 

Kp2  »  -5.70 

Equivalent  pipe  temperature: 
Tpl  =  45  °F 

Tp2  =  45  °F 

Heat  loss  in  pipe,  Btu/h»ft 
Q1  =  148  Btu/lvft 

Q2  =  148  Btu/h»ft _ 


Total  heat  loss  in  pipe  1(heating) 
Total  heat  loss  in 


Factors: 

..  .  ..  ...  _  , 

P11  - 

-0.10 

P12  = 

0.46 

P21  = 

.  0  46 

P22  = 

-0.10 

Delta  = 

0.20 

1 74*283  J3tu/ 


CENTRAL  PLANT  59d0  3  5  OK  EMC  #  3002.^6  'J'  ’  - 

Descriptions:  [x] CWOnd  HW  pipes w  FI CWartd  Steam1  pipes 


Tg  =  ‘7f  °F  :  ;i  :  -  *’  1 Earth  temp,  (summer  =  71  °F;. winter  =  50°F)': 

Ks-  13  BtuMh/h'ft^F  IKT>5; /' Earth  thermal  conductivity  ’•' f 

kpl  =  0.08  Btu/h»dP  T  ':  Pipfe  1  thermal  conductivity  (heating 

kp2=  0.08  Btii/h*°F  '*  ;  pipe  2  thermal  conductivity  (pooling) 

Tfl  =  45  °F  o',  viui-  «  Temp,  of  fluid  in  pipe  no.  1  (heating)  ;; 

Tf2  =  45  6F'  *  !l  *  :  ~  ' '  Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  =  100  inch  ;i  1&*  5  tiept  of  barrier  for  pipe  1  ' 

d2=  100  inch  'Dept  of  barrier  for  pipe  2  !  7  1  " 

ri  =  5  inch/i5a  ‘;  1  *  Radius  of  pipe  no.  1  (heating  f  -:- 

r2=  5  inch0-  ~  Radius  of  pipe  no.  2  (cooling^  1  ; 

a  =  34  inchg'?W:^  f  >"  v  ' 5  r- ^‘Distance  between  2  pipes’  •: 

Pipe  length  =  325  ft  '  ' " 
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HEAT  LOSS  FROM  UNDERGROUND  pNp-BIR^SX^T|M, 

[ASHAHE  1987  HVAC  SYSTEM,  CHAPTER  i2:‘PA<SE'i£^  -  *'  " 


rr  V 

'vf-'v  .V: 


CENTRAL  PLANT  5900  _  .  ...  PL  Sill,  OK  EMC_#5p02.0Q0 

Descriptions:  S*,J  [x] 6w ahd H\$ pipes^S CW ^and ^amjalRes  *'  J 


Tg..=, 

71  °F 

Ks  = 

'  13  Btii*  »i 

kpl  = 

0.08  Btu/h 

kp2  = 

'  0.08  Btir/h 

Tfl  = 

V'  45°FV  ' 

Tf2  = 

; 

dl  = 

100  inch 

d2  = 

100  inch. 

rl  = 

5  inch 

r2  = 

5  indh; 

a  = 

34  inch 

:  i.-J? 


$QiO 


Earth  temp,  (summer  =  71 PF;  winter  = 
;E-euth  thermal  conductivity  /. 

"Pipe  1  thermal  coridgCtiyity'(heatinsO 
^Pipe  2  thermal  conductivity  ^doling) 
;Temp-  of  fluid  in  pipe  no.  1  "(heating} 
Temp,  of  fluid  in  pipe  no.  2  (cooling) 

’  D^spt  of  barrier  for  pipe  1  ,  , 

;  v  *  Dept  of  barrier  for  pipe  2 
*  ^Radius  of  pipe  no.  1  (heating} 

'  "  Radius  of  pipe  no.  2  (cooling) r 
Distance  between  2  pipes  "  . 


i  50°F) 


Kpl  =  -6.36 
Ko2  =  -6.36 


Equivalent  pipe  temperature: 

Tpl  =  45  °F 

Td2  =  45  °F _ 


fttS'ti 


Heat  loss  in  pipe,  Btu/h  »ft 
Q1  =  165  Btu/h*ft 

Q2  =  165  Btu/h*ft 


Total  heat  loss  in  pipe1(heating}* 
Total  heat  toss  in  pipe  2 TcooWifigO 


177,819  Btu/h 
177.8l9fetu/h^ 
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Pipe  length  =  ' 

" ""  1075  ft 

•A 

Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  -2  Btu/h»°F 

C2  =  -2  Btu/h»°F 

Factors: 
P11  * 

P12  - 
P21  = 

-0.13 
0.45 
’  ‘  0:46 
•  -0.13 
0.19 

P22  = 

Delta  =  _ 

.... 

Pipe  heat  transfer  factors: 

-<'QAr  £i 

HEAT  LOSS  FROM  UND^^NS'fv^-P^i^l^EM 

[ASHARE  1987  HVAC  SYSTEM,  CHAPTER  12,  PAGE  12.5] 


•V-C*^  7A3K 


QQ'j 1  VFf- .  "'v  ’  n?C  twee-  - 

CENTRAL  PLANT  5300  ^  vV0  Ft.  Sill,  AK^  V<1  EMC  #  3002.006  ,ft 

Descriptions:  [x]  Cw  and  iW pipes  '  □  CWand  Steam  pipes 


Tg=  71  °F  ^vipur>r,v>  ".Earth  temP-  (syrpmqrfv  winter  =  50°F 

Ks  =  ,  ,-vl1^Lr^ty-ip 'Initft&sm**  ■  >£arth  thermal  conductivity  ltfi  fcr.  ( 

kpl  =  ,:toM  NSfoSW'  ifi-tnent  <  s^P®  1  thermal  conductivity,(heating) 

kp2  =  Q.Q8  Btu/h?°B,0  3  n,  .r.  nrPipe  2  thermal  conductivity  (cooling)  _  „T 

Tfl  =  "  .'$pF  I  ,  X.:,r  ^’ifimp.  Of  fluid  in  pipe  no.  1  Rearing)  .  c„  T 

Tf2  =  "45  °F  "r  '^.Q  ^Vo-TCd^r^P- of  fluid  in  pipe  n0, 2  (c°°lin9)  - “  r. 

dl  -  100  inch..  ^ ;a,~  Jept  ol  barrier  for  pipe  1  ii;rf  ^  „  ,0 

<12=  “MUJ.V®  rcapA»#n*!»,,l,?;2JS»ni' 

rl  =  4  .ihQlT  , . .  ...  i  Badius  of  pipe  no.  1  (heating)  - 

<2=  -» 
a  =  32  inch  Distance  between  2  pipes  ^ 


Pipe  length  = 


4825  ft 


Pipe  heat  loss:- 

r 

C  =  Kp  (Tf-Tg).Al  0 

„  -;■*  f  q 

Cl  =  -2  Btu/h*°F 

F'oq 

C2  =  -2  Btu/h«°F 

- COQ- 

Pipe  heat  transfer  factors: 
Kpl  =  -8.64 

Kd2  =  -8.64 


Equivalent  pipe  temperature: 

Tpl  =  45  °F 

Tp2  =  45  °F 


Heat  loss  in  pipe,  Btu/h*ft 
Q1  =  225  Btu/h»ft 

Q2  =  225  Btu/h»ft 


,  £t!s< 


Factors: 

P11  - 

^  -o^o 

P12  = 

0%44 

'  * '  i. *£>. 

P21  = 

0.44 

P22  = 

-0.20 

Delta  - 

0.15 

-T'  -  >< 

=  so 


-■I  'j.n? i’  vm-nsif  «*»?*! 

3S.d~  1 

aqiq  tnel&yrapB, 
■r  :  V  - 

V  :~J-  *.  *c'V  ■ 


t.  r<?r 


Total  heat  loss  in  pipe  1  .(heating)  = 
Total  heat  loss  in  pipe  2  (cooling)  = 


tol  »s©f.  istoT 

’  tBf'i f‘  ’MIC" 
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HEAT  LOSS  FROM  UNDERGROUND  TWO— PIPE  SYSTEM 

[ASHARE  1987  HVAC  SYSTEM,  CHAPTER  12,  PAGE  12.5] 

CENTRAL  PLANT  5900  Ft.  Sill,  OK  EMC  #3002.000 

Descriptions:  [x]  CW  aid  HW  pipes  Q  CW  and  Steam  pipes 


Tg  = 

71  °F 

Earth  temp,  (summer  =  71°F;  winter  =  50°F) 

Ks  = 

13  Btu*inAi*ft2*0F 

Earth  thermal  conductivity 

kpl  » 

0.08  Btu/h  *°F 

Pipe  1  thermal  conductivity  (heatingj) 

kp2  = 

0.08  Btu/h*  °F 

Pipe  2  thermal  conductivity  (cooling) 

Tfl  = 

45  °  F 

Temp,  of  fluid  in  pipe  no.  1  (heating) 

Tf2  = 

45  °F 

Temp,  of  fluid  in  pipe  no.  2  (cooling) 

dl  = 

100  inch 

Dept  of  barrier  for  pipe  1 

d2  = 

100  inch 

Dept  of  barrier  for  pipe  2 

rl  = 

4  inch 

Radius  of  pipe  no.  1  (heating) 

r2  = 

4  inch 

Radius  of  pipe  no.  2  (coding) 

a  = 

32  inch 

Distance  between  2  DiDes 

Pipe  length 

ss 

350  ft 

Pipe  heat  loss: 

C  =  Kp  (Tf-Tg) 

Cl  =  -2  Btu/h »°F 

C2  =  -2  Btu/h*  °F 


Factors: 

P11  * 

-0.20 

P12  * 

0.44 

P21  * 

0.44 

P22  * 

-0.20 

Delta*  . 

0.15 

Pipe  heat  transfer  factors: 

Kpl  =  -8.64 

Kp2  -  -8.64 _ 


Equivalent  pipe  temperature: 
Tpl  =  45  °F 

Td2  =  45  °F 


Heat  loss  in  pipe,  Btu/h  *ft 
Q1  =  225  Btu/h*ft 

Q2  =  225  Btu/h»ft 


Total  heat  loss  in  pipe  1  (heating)  *  78,632  Btu/h 

Total  heat  loss  in  pipe  2  (cooling)  »  78,632  Btu/h 


N.56 


